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I. INTRODUCTION 


A. Purpose and Scope 

This report sets forth the context and results of the Data 
Processing and Transfer portion of the NASA OAST Summer Workshop, 
held at Madison College, August 3-16, 1975. The workshop was 
tasked with translating user -community needs into technology pro- 
gram requirements and identifying areas in which space flight 
experiments could significantly improve the prospects for satis- 
fying those requirements. In the performance of its duties, the 
Data Processing and Transfer Group considered all of the inputs 
provided by the user community. These inputs, as well as appli- 
cable items from Outlook for Space, are detailed in SECTION II, 
WORKSHOP INPUTS. The scope of the various inputs led to the 
formulation of two broadly applicable focusing requirements, which 
are discussed in SECTION III, MAJOR PROGRAM THRUSTS. The specific 
technology programs derived by the group are contained in SECTION 
IV, TECHNOLOGY REQUIREMENTS. SECTION V, FLIGHT EXPERIMENTS, docu- 
ments areas in which flight experiments will significantly advance 
the accomplishment of the desired technology goals. These experi- 
ments are representative, rather than exhaustive, and may be modi- 
fied as technologies mature or interfaces with other disciplines, 
such as Sensors and Data Acquisition, are worked in greater detail. 
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II. WORKSHOP INPUTS 

A. Background 

The objectives of this Workshop were identification and 
documentation of a comprehensive technology development pro- 
gram which would fulfill NASA requirements through the year 
2000. This program was to include definition of specific 
tasks down to component level and identification of flight ex- 
periments which could measurably aid in the accomplishment of 
the development program. The criteria for selection of tech- 
nology candidates were embodied in "1975 NASA OAST SUMMER 
WORKSHOP OVERVIEW REPORT," the "Outlook for Space" draft re- 
port and "Forecast of Space Technology". The first of these 
reports contained a compilation of requirements from the 
"User Community", which was composed of the major NASA of- 
fices (e.g., OA, OSS, OMSF, and OTDA) . The latter two re- 
ports were the result of a year-long NASA-wide study to de- 
fine and suggest options for future NASA direction. The 
initial two days of the Workshop were devoted to presenta- 
tions to the Working Groups by ^'sers and Outlook participants 
explaining the requirements. 

B. Users 

The initial and primary guiding user "drivers" for the 
Data Processing and Transfer Group came from material supplied 
by OA, OSS, OMSF and OTDA, which showed a compilation of en- 
visioned technology needs for the 1980-2000 time span. These 
depictions were supplemented to the degree practical, with 
interface meetings at the Workshop between individuals of the 
Technology User Group and the Data Processing and Transfer 
Group . 
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At the beginning of the Workshop, material was supplied from 
each of the four offices. That which was perceived as being rea- 
sonably ’irectly related to the data function was used as a source 
of drivers for the Data Processing Transfer Group. The material 
from OA centered in the basic areas of communications, earth ob- 
servations, and earth and ocean physics. OSS needs centered in 
the basic areas of astronomy and planetary communications. The 
inputs from OMSF concerning improvements in image enhancement, 
narrow band TV and reduced BW for real-time TV. OTDA needs related 
largely to deep space data systems. All of these inputs combined 
to form an ensemble which covers a rather wide spectrum of data 
related technologies. A tabulation of the user-community inputs, 
by Office, is contained in Table II-l. A separate listing, with 
additional technology areas, was supplied by the Technology User 
Group. It is outlined in Table II-2. 

C. Outlook for Space 

During the past year, a wide-ranging study of possibilities 
for civilian space activities during the period 1980-2000 was 
conducted by a special group established by Dr. James C. Fletcher. 
Two major products of this study were made available in draft form 
to group participants at the opening of the workshop. The "Main 
Report" contains description and rationale supporting twelve major 
themes for Earth-oriented and extraterrestrial activities. These 
are further broken down into 125 objectives and approximately 250 
representative systems that will contribute to meeting the objec- 
tives. The relationship of the themes and objectives to rational 
interests is explored in depth in this volume. The second volume, 
"A Forecast of Space Technology", contains predictions of techno- 
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logical capabilities that will be available from 1980 to 2000 that 
will support the objectives. This material was used during the 
workshop sessions to characterize present system or subsystem 
functional capabilities and to establish likely or i epresentative 
requirements during the years when the STS is operational. 

Most of the objectives and systems identified in the course 
of th“ Outlook for Space study were not examined in sufficient 
depth by OFS participants to enable reliable performance require- 
ments to be defined; hence, few specifications of needed capabili- 
ties similar to the "user requirements" discussed above ^an be 
derived from the "Main Report" or from "A Forecast of Space Tech- 
nology". During the forecasting effort, however, an attempt was 
made to identify broad areas of technology that deserved special 
emphasis in NASA research and development planning. The selection 
criteria were 1) that the candidates should require full NASA 
commitment and support for significant advancement, and 2 ) that 
they can be expected to have a great impact on future objectives. 
Those areas of "preparedness technology" that relate directly or 
indirectly to data processing and transfer are listed in Table II-3. 

It will be seen that aspects of all of these items are addressed 
in the discussion of p.ogram thrusts immediately following, and in 
the technology requirements included later in the report. 
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USER COMMUNITY INPUTS— CONTINUED 




TABLE II-2 


Technology User Group Inputs 


Data Processing & Transfer Group 


1975 OAST WORKSHOP 


FUNCTI<»)AL DESCRIPTION 


Domestic Comnunlcations Electronic 
Mail, Medical, Educational 
(Outlook For Space • 051) 

Intercontinental Communications 
(Outlook For Space - 052) 

Personal Communications 
(Outlook For Space - 053) 

Commun ic a t 1 on /Na vi ga t i on 
(Outlook For Space - 034) 

Hazard Warning 
(Outlook For Space - 034) 

Earth & Planetary Reentry Communications 

Microwave Power Transmission 

High Throughput Parallel Processor 

Low Cost Direct Readout User Data Station 

Event Detection 


Electronic Components (e.g.. High Temp. & Pressure) 

High Density Data Distribution 

Self-Diagnosing & Correcting Electronic Systems 
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OUTLOOK FOR SPACE TECHNOLOGY INPUTS 



III. MAJOR PROGRAM THRUSTS 


A. Origin 

Examination o£ workshop inputs revealed a proliferation of 
flight missions and a large increase in raw data, resulting both 
from the increased mission model and higher data rate sensors. 

It is evident that NASA will be unable to fulfill its destiny 
while continuing to function in traditional ways. Specifically, 
NASA will be unable to use Shuttle effectively if it continues to 
implement a unique electronic system with each payload or if it 
does not break the data processing and transfer log-jam built up 
in the limited science collection activities of past programs. 
Recognition of these facts led the Data Brocessing and Transfer 
Group to identify two major thrusts as focusing drivers for pro- 
posed technology. These were: 

1. 1000:1 improvement in information handling 
capacity. 

2. 10:1 reduction in program life-cycle costs. 

These two major thrusts are defined and discussed in the following 
paragraphs. If these goals are pursued vigorously, they appear 
achievable and they should greatly ameliorate the growing pains 
that are inevitable in the development of a Shuttle-saturated 
traffic model. 


B. Information Handling Major Thrust 

One of the major thrusts identified by the Working Group was 
a cost-effective thousand-fold increase in NASA end-to-end data 
handling capacity by 1990. The consensus of the Data Processing 
and Transfer Working Group was that this major thrust should be 
achieved through a balanced development of technologies in data 
processing (both spacecraft and ground based) and data communica- 
tions and transfer. 

Advancement of the technology to perform extensive data pro- 
cessing aboard the spacecraft offers both the greatest challenge 
and the greatest potential payoff in achieving the goal of this 
major thrust. Opportunities for processing data onboard space- 
craft include, but are not limited to, the following: (1) prepro- 

cessing data from sensors via a predetermined invariant transfor- 
mation algorithms, which reduces the sensor’s data rate; (2) auto- 
mating calibration of sensor data in real time to avoid the trans- 
fer of the calibration data via the down link; (3) interactive 
control of sensor operations either via ground command or onboard 
systems, which would permit collecting and transferring sensor data 
only when the desired conditions exist; (4) onboard man interactive 
recognition processing of high data rate earth resources type data; 
(5) onboard formatting of data to reduce the time delays and pro- 
cessing costs on the ground. All of these onboard data processing 
systems result in an increase in the information content of the data 
transferred via the down link and therefore contribute greatly to- 
wards increasing the end-to-end information handling capability. 
Further improvement in the information handling capability can be 
achieved by providing data to users on high density digital tape, 
with a minimum of ground processing, and the increased use of high 


10 



speed parallel processors rather than general purpose computers. 

The other and no less important aspect of this major thrust 
is advancing the development of higher capacity data links. Even 
with improvements in the information content brought about by on- 
board data processing, it was the consensus of the working group 
that the requirements for data communications will far exceed 
present capabilities. Technology developments will be required 
in wide bandwidth, high data rate communication links such as 
microwaves, millimeter wave and optical data communications sys- 
tems and the development of signal processing technologies to 
utilize more effectively the bandwidth available in these communi- 


cation links. 


C. Life Cycle Cost 

With the advent of the Space Transportation System during the 
1980's, programs and experiments will expand, and reduction of 
cost per vehicle and flight will become increasingly important. 

For aircraft and space vehicles, electronics is becoming more dom- 
inant as a cost driver in development, acquisition and ownership. 

It is illusory to think that the cost of commercial devices and 
equipment such as calculators and digital watches portend an era 
of cheap electronics for space vehicles and payloads, if other 
development programs are not u^ertaken. This is true because of 
one-of-a-kind experiments, the singular environment, and the costs 
of software connected with space missions. To design for minimum 
cost it is imperative that the whole life cycle of the equipment 
and system operation be considered from end-to-end. This approach 
has not been popular since it is far easier and less subject to 
controversy to buy on the single criterion of acquisition cost 
from the lowest bidder. 

This major thrust has been developed on the basis of a desired 
10:1 reduction of life cycle cost of electronics and includes the 
following major areas of accomplishment and approach: 

a. Software 

1. Modular, reusable, and automatically or computer generated 

2. Easily maintained and modified 

3. Eventuf lly hard-wired and therefore producible by physical 
processes rather than human programmers 

b. Modular Architecture 

1. A standard, and therefore less expensive, core data proces- 
sing and distribution system that handles any sensor data 
or change without rewiring or redevelopment 

2. Easily expandable or contractable, but still standard for 
any vehicle or experiment 

:.Vi^RQDUCIBlLrrY of tHN 
ORIGINAL PAGE IB POOlt 



f 






V 



p. 

'it 

i. 


t- 




k\ 




C . 


3. Based on a concept of aistributed, standard micropro- 
cessors and memory elements, and therefore more reliable 
and less expensive than a massive central processing 
unit . 

4. Built-in test equipment (BITE) and fault location 

5. Based on standard data formats and wide band multiplex- 
ing to share lightweight wiring or transfer mechanisms 

Standard Electronic Modules 

1. Use few, highly controlled, reliable, producable, stand- 
ard digital parts for system fabrication. Make bread- 
boards flyable, thereby reducing cost of development and 
acquisition. 

2. Standard form, fit, and function allowing replacement 
parts to be procured during different technology eras 
and still be low cost. 


i 


I 3. With proper software and BITE, a maintenance concept for 
{ onboard as well as ground support, with 15 minutes mean- 
f time-to-repair using semiskilled personnel. 

'i d. Fault Tolerant System Design 



1. Since components cannot be perfect, and software and data 
transfer has errors, mission accomplishment depends on 
system design concepts and theories that allow systems to 
continue to operate under these imperfect conditions. 

2. Graceful degradation rather than catastrophic failure 
allows online repair, and therefore mission continuations, 
if proper modular architecture, standard electronic 
modules and maintenance concepts are employed. 

For these items additively to produce the desired 10:3 cost improve- 
ment, a program management structure and firm management control of 
space electronics and software will have to be instituted. 
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D. Supporting Technology 

As the Working Group continued its deliberations and analyt- 
ical activities, several additional areas of technology too broad 
for inclusion in one of the major thrusts, or most relevant to 
another Woring Group area of concern, were identified. To avoid 
loss of identity, these topics have been grouped under a heading 
of Supporting Technology and discussed in greater detail below. 

] . Failure Physics and Microelectronics Technology 

Key factors in achieving greater data-handling capabili- 
ties and reducing life-cycle costs are the performance charac- 
teristics and reliability of the electronic data-processing 
subsystems. Because of their importance, these factors are 
an underlying concern in all military and aerospace electronic 
system developments, and in the manufacture of some consumer 
products as well. The driving influence of military and in- 
dustrial applications is so high that many advances in micro- 
electronics will take place with or without NASA contributions 
or involvement. Other advances, however, especially those re- 
lated to long-term reliability under high radiation or at ex- 
treme temperatures, may depend largely upon NASA initiative. 

The major components of system reliability are organiza- 
tion and component reliability. Ultimately, it is hoped, there 
will be sufficient understanding of how nature achieves reliable 
performance from an assembly of imperfect parts so that more 
emphasis can be placed on oT'ganization than on parts reliability 
in system design. However, studies devoted to the search for 
such principles are in their infancy, and thus the characteris- 
tics of the individual components must be given their proper 
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share o£ attention. 


NASA’s requirements for long-term reliability under a 
variety of environmental stresses arise primarily from the 
planetary program (although all other programs should benefit 
from knowledge of how to counteract the effects of radiation, 
temperature, and chemical contamination) . Since these re- 
quirements generally far exceed those placed by military and 
commercial users, who constitute the bulk of the market, 
NASA's ability to effect changes in manufacturing practices 
is small, and it must pay a premium to induce the supplier 
to produce products that meet NASA specifications. In nego- 
tiations with industry to secure deviations from normal 
practices, it is important that parts experts have a good 
understanding of what physical device characteristics are 
important and what processing and assembly practices will 
yield them. Such understanding is likely to be achieved only 
if NASA maintains a strong and vigorous research and develop- 
ment effort with these objectives: 

1) Ascertain the basic physical mechanism that cause 
failures in the electronic structures and systems 
produced by the microelectronics industry. 

2) Develop physical models of these mechanisms that 
enable life-time projections to be made, within 

a range of uncertainty, given defined and measure- 
able initial conditions. 

3) Develop processing specifications and requirements 
that will enable NASA reliability requirements to be 
met in parts procurement. 

4) Obtain a knowledge of future technologists that will 
enable them to be adopted when industry, for reasons 
beyond NASA’s control, abandons the older ones. 


Along with the above research activities, other efforts 
must be pursued to find more self-reliant, fault- tolerant 
organizations, and to develop shielding and environmental 
control methods that may enable military or commercial -grade 
compoiients to be used in NASA experiments and vehicles. Of 
equal importance is perceptive and informed management to 
ensure that the knowledge gained through successful research 
and development is properly applied in agency procurements. 

In ‘ihe past, a variety of approaches more empirical 
than these advocated here have been tried by the Navy, the 
Air Force, and by NASA, usually with the goal of determining 
the effect of processing on radiation-hardened devices. The 
results of these efforts have been "recipes" that have been 
applicable only at the facilities where they were developed, 
and that generally have been non- transferrable. A more basic 
approach is needed which attempts to solve difficult and im- 
portant problems by understanding them. 

2. Information and Computer Science 

The computer is the symbol for information processing. 

In twenty-five years, starting from a laboratory curiosity, 
it has become the focus of a multibillion dollar industry 
that is still rapidly growing. 

While the computer can be regarded as a tool that serves 
human information processing needs, it is such a complex and 
powerful tool that its development has spawned new areas of 
basic studies. Since the aim of these studies is to create 
organized bodies of knowledge, they can legitimately be called 
sciences . 
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It is to be expected that advances in inforiPation and 
computer science, and in their engineering applications, 
would underlie most of the technology advances projected 
by the Data Processing and Transfer Group. Similar advances, 
however, are mandatory for other technologies that depend 
upon the computer as a tool for use in development or as an 
operational element of systems. So widespread are the uses 
of computer systems within NASA that there is a danger of 
much duplication of effort and reworking of already plowed 
fields as individuals attempt to improve and understand the 
computer as a tool while they apply it to their own purposes. 

It is essential that, as an agency whose primary role 
is the acquisition and dissemination of new information about 
the earth and space, NASA recognizes the functions of infor- 
mation management, as performed by computers and related 
machines, as subjects of study whose pursuit demands careful 
planning and review. A wide spectrum of activities should 
be recognized and supported, ranging from basic research in 
carefully selected fields of information and computer science 
to cost and benefit accounting. Data management activities 
must be understood and coordinated in relation to a carefully 
considered agency philosophy and perspective. Only by these 
measures, which place computer-related research, development, 
and management activities within a coherent framework, is NASA 
likely to give them purpose and direction, raise the probability 
of useful and valuable outcome, and to reduce the rate of in- 
crease, if not the total, of the expenditures associated with 
the use of the computer, its most productive and pervasive 



3. Transfer of Space Solar Power by Microwaves 

Both Outlook for Space and the Office of Manned Space 
Flight indicated high interest in a program to develop space 
solar power into an economically viable source of terrestrial 
energy. The envisioned system would use solar cells to con- 
vert incident solar power into direct current power. This 
power would then be converted to microwaves focused on a 
relatively small terrestrial spot where it would be reconverted 
to direct current and fed into the power grid. Output power 
levels are projected at 5,000 megawatts. A microwave system 
such as this would not be a simple task and would require major 
developments, beginning in the immediate future. However, the 
requirement does not stem from either of the two major thrusts 
discussed. Rather it is supportive of a major thrust that 
could be identified in the energy realm. 




IV. TECHNOLOGY REQUIREMENTS 

A: Discussion 

It is clear that all space derived data must be brought down 
to earth and put into a form that man can understand. Further, 
implicit in the terrestrial "Outlook for Space" themes is the need 
for large increase‘s in the amount of information required to im- 
plement those themes. For instance, a global food and forestry 
management capability will require a large step increase in data 
rates over the present Landsat series, because the resolution must 
be higher, the spectral signatures must be more detailed, and the 
frequency of observation must be increased. It is estimated that 
during its lifetime, Landsat I returned to earth 40 times the total 
number of bits returned to earth by all other NASA spacecraft. The 
Outlook for Space themes imply a similar future increase over the 
Landsat capability. Simply pushing up the communication bit rate 
is a simplistic, expensive solution. A more cost effective approach 
is possible. The technology requirements that follow recognize that 
improvements throughout the information handling system are needed 
to keep up with the expected information flow from space. These im- 
provements will result in lower information costs. 

Software is recognized as a most fertile area of work. Since 
nearly all systems today, both flight and ground, require a large 
amount of software, even modest advances in software cost effective- 
ness would be welcome. A breakthrough would revolutionize data 
management . 

Modular data processing architectures that build on standard 
functions will allow cost effective trade off between hardware and 
software and between central and distributed hardware approaches. 
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Improvements in high data rate processing will be required. 
These, if performed onboard, ;.ill convert "data" bits into fewer 
"information" bits. Often what is information and what is gar- 
bage cannot be determined until after an experimental phase is 
complete and an operational system is in place. However, with 
the possibility of a manned-interactive flight instrument, the 
information content may perhaps be deduced in real time, elimina- 
ting the need to transmit garbage. 

Communication and wideband information transfer will exploit 
improvements in these technologies. It is recognized that infor- 
mation processing and software innovations are not likely to hold 
the bit rate down to today's levels. Cost effective systems will 
require considerably higher bit rates. 

Improved data storage, both for the ground and especially for 
the spacecraft, is an essential ingredient of successfully meeting 
our cost and capability goals. Data storage system size, weight, 
power and cost are always high. In spacecraft it is usally higher 
than the rest of the data system combined. Processors have shrunk 
in size and cost due to LSI. Software could be cheaper if large, 
cheap memories were available; even communication links would be 
easier to build, since more processing could be done on the space- 
craft. For instance, the Landsat spacecraft has a 15 megabit com- 
munications link. If a good 10^ bit flight ouffer memory had been 
available, this could have been reduced to about 6 megabits pe^ 
second without disturbing the usable data in any way. 

The Technology Requirements ere individually quite narrow, 
but the improvements each holds out is needed in order to make 
cost effective information systems. 
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iJ. REQUIREMENT LISTINGS 

Table IV-1 lists the detailed technology requirements developed 

by the Data Processing and Transfer Group. The listing is ordered 

by application to the major piD. ■' thrusts identified in the pre- 

'ng section, sc that some te.:b ’ :ogy requirements are repeated 

cii e to multiple applications. I i requirement is also identified 

bv a code letter M or 0 desig og it. as "Mission Driven" or 

"Oppo^'tunity Driven". For . purpose, the following definitions 

were adopt»i'j by the Grou' . 

Mission Dr ivei: - -Technologies required by missions 
described in tlio NASA 1973 Mission Model or by 
Outlook for Spcce/lJser inputs which are clearly 
within NASA's charter as the principal user. 

Opportunity Dr iven- -Technologies which are re- 
quired by Outlook for Space/User inputs outside 
of NASA's charter or which could provide the 
capability to perform functions not now proposed 
as future missions. 

Tables IV-2 and IV-3 provide reference matrices which relate 
the technology requirements listed in Table IV-1 to the User Com- 
munity and Outlook for Space inputs discussed in Section II, and 
to the major program thrusts of Section III. A detailed descrip- 
tion of each technology requirement follows the tables in the 
order listed in Table IV-1. 
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DATA PROCESSING & TRANSFER 
TECHNOLOGT REQUIREMENTS 

(MAJOR THRUST #1 - 1000:1 INCREASE IN END-TO-END INFORMATION HANDLING) 
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Continued---RELATIONSHIP OF USER REQ ' S/TECHNOLOGY NEEDS/MAJOR THRUSTS 



OUTLOOK FOR SPACE TECHNOLOGY THRUSTS 

AND 

RELATED DATA PROCESSING & TRANSFER TECHNOLO 



Mi croprocessors 


DEFINITION OF TECHNOLOGY REQUIREMENT NO. lAl 


1. TECHNOLOGY REQUIREMENT (TITLE): Recognition Processing PAGE 1 OF 

Of Image Type Dfcta On-Board Spacecraft 

2 . TECHNOLOGY CATEGORY; System 

;L objective/ ADVANCEMENT REQUIRED; To advance the technology of 

multlspectral Image data recognition larocesslng to the point tliat_.such 

processing can be performed on-board spacecraft 

1. CURRENT STATE OF ART: Recognition processors are cur rently being 

developed for use In ground processing of this type data at much lower 

dat.fl through-put rates HAS BEEN CARRIED TO LEVEL 

5. DESC’UIl’TION OF TECHNOLOGY 

On-board recognition processing will regiiire the development of 

1) preprocessing systems to calibrate and format the data for recognition 
processing 

2) high speed parallel processors to perform the recognition processing 

3) high speed, high capacity random access digital storage devices 

4) man interactive controls and displays necessary in the near term to 
assist and monitor the recognition process 

5) digital computer controllers to control the flow of data through the 
recognition processor 

6) scene analysis and location systems 


P/L REQUIREMENTS BASED ON: □ PRE-A.O A,D B.D C/D 
fi. RATIONALE AND ANALYSIS; 

Earth resources type sensors (multlspectral scanners, synthetic aperature 
radars, etc.) in the future will be capable of generating more data than the 
communication links can handle. One approach to reduction of the data 
transmission requirement is to perform the recognition processing on-board the 
spacecraft and transmit only the processed information to the ground station. 
This capability opens up a wide range of operating modes which range from data 
set selection to full scale recognition map making in space. 


TO BE CARRIED TO LEVEL 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. lAl 
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I 


I 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. lAl 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) ; . 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 
I Requirements Trade- 
Off Study 

2. Processor Design 

3. Fabrication 

4. Test 

5. Documentation 


75|76|77|78 79 80 81 82 83 84 85 86 87 88 89 90 91 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 

1 

TECHNOLOGY NEED DATE 

NUMBER OF LAUNCHES 


14. REFERENCES: 


LEVEL OF STATE OF ART 


1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY TOUMITLATED TO DESCRIBE PHENOMENA. 

3. THEOR’) tested by physical EXPERIMENT 

OR MATHEMATICAL MODEI,. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATERIAL, COMPONENT, ETC. 


8. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENMRONMENT. 

6. NEW CAPAIHLITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

8. REUARILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN Ol'LRATIONAT. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): On-Board Preprocessing PAGE 1 OF 3 




2. TECHNOLOGY CATEGORY; 


System 


3. OBJECTIVE/ ADVANCEMENT REQUIRED: Tn devslnp t.hft fiapa.hiHt.v tn per 
multispectral scanner sensor calibration and data formating on-board the 


. CURRENT STATE OF ART; Preprocessing of this type is performed in 
processing facilities using conventional general purpose digital computers. 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

The processing necessary to meet this requirement involves interacting with 
the data stream from the sensor at real time data rates in the spacecraft 
environment. This interaction involves the following: 

1) Calibration data stored in some spacecraft system prior to the mission 

2) Dynamic calibration data produced by the sensor during the mission 

3) Calibration data provided by other sensors and systems on-board the 
spacecraft 

L) Calibration data transmitted to the spacecraft from the groimd during the 
mission. 

Preprocessing of this nature must be performed at hi^ data rates and be 
adaptive in nature. 


P/L REQUIREMENTS BASED ON: □ PRE-A,D A.Q B.Q C/D 


(). RATIONALE AND ANALYSIS: 

One of the major data processing log jams in the present processing of earth 
resources type data is the necessity for calibration, correction and 
reformating of the data by ground processing facilities before it is available 
for recognitj.on processing. Preprocessing the data on-board the spacecraft in 
real time would provide a significant reduction in the cost of processing 
earth resources type data as well as reducing the end to end processing time. 
In addition, this would reduce the requirements on the communications 
bandwidths also effecting a potential further cost saving. This type system 
is also a prerequisite for practical application of on-board recognition 
processing. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY RE . JIREMENT 


NO. 1A2 


1 . TECHNOLOGY REQUIREMENT(TITLE): On-Board Preprocessing PAGE 2 OF J. 
Of Multlspectral Scanner Data 

7. TECHNOLOGY OPTIONS; 

Several approaches to this task exist. One approach would be to incorporate 
the preprocessing as part of the sensor system. This approach may allow the 
calibration to be performed at the analog level there by reducing the hig^ 
speed data requirements. It may also be possible to organize and sensor 
system such that reformating of the data is unnecessary. An all digital 
approach which need not be an intimate part of the sensor system co\xld provide 
sufficient flexibility to operate with a variety of sensors without a separate 
system development for each sensor. An all digital approach however would 
likely encounter more difficulty with the hi^ data rates involved. 


8. TECHNICAL PROBLEMS: 

1) Calibration algorithm determination 

2) Collection of calibration data in real time 

3) High data rate parallel processing 

4) Resolution and accuracy 

5) calibration confidence verification 

6) Lack of agreement on optimum formats for processing scanner data. 


9. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS; 

See 7&8 





DEFINITION OF TECHNOLOGY REQUIREMENT 


TEC HNOLOGY REQUIREM ENT (TITLE) : On-Board Preprocessluj 


NO. 1A2 


PAGE 3 OF 




ral Scanner Data 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Requirements Study 

2. System Design 

3. Fabrication of 

Prototype 

4. Test 


APPLICATION 

1. Des^n (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


. USAGE SCHEDULE: 



' — — 1 

TECHNOLOGY NEED DATE 

■■■ 

NUMBER OF LAUNCHES 

■■■ 


8BS8Bii88BaiB 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2 . THEORY >X>I(MULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR NUTlIEMATtCAL MODEL. 

4 . PERTINENT FUNCTION OH CHARACTERISTIC DEMONSTRATED, 

E.C., MATEUUL. COMPONENT, ETC. 


6. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARORAIORY. 

6. MODEL TESTED IN AIRCRr»FT ENVIRONMENT, 
t. MODEL TESTED IN SPACE ENVIRONMENT. 

8, NEW CAPAmLlTY DERIVED FROM A MUCH LESSER 

operational model. 

8 . REUARILITY UPGRADING OF AN OPERATH ’NAL MODEL. 
10. LIFETIME EXTENSION OF AN OPLRATtONAL MODEL. 











DEFINITION or TECHNOLOGY REQUIREMENT NO. JA3 

1. TECHNOLOGY REQUIREMENT (TITLE): Modular Parallel PAGE 1 OF ^ 

Pipe-Line Processor (MPPP) 

2. TECHNOLOGY CATECtORY: System 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Development nf a modular high speed 
parallel pipe-line processor capable of supporting the requirement for cn- 

boaxd multlspectral processing 

4. CURRENT STATE OF ART: Parallel nlpe-line processors are being used for 
data processing of multlspectral data In ground data processing facilities 

at much lower data rates than required. HAS BEEN CARRIED TO LEVEL _ 

5 . DESC HI t 'TION OF TEC HNOLOGY 

The Modular parallel pipe-line processor will be composed of a variety of 
computation modules each of which will be capable of performing a specific 
task (l.e. addition of vectors, multiplication of vectors, calculation of 
determinants, etc.). Each module connects with a segmented buss structure 
such that the order and combination of the modules conriected to the buss 
determines the basic algorithm to be processed. Additional control of the 
algorithm and data flow is determined by the constants and control vectors 
entered at critical points in the algorithm flow by the control computer. 


P/L REQUIREMENTS BASED ON; □ PRE-A.Q A,D B.Q C/D 
(). RATIONALE AND ANALYSIS; 

Both the preprocessing and recognition processing of high data rate earth 
resources image data will require a high speed parallel processor. A modular 
structure as described above will allow sufficient flexibility to use the 
MPPP with a variety of sensor and processor requirements without requiring 
a separate hardware development for each application, thus enabling a cost 
effective approach to on-board parallel processing. 


TO BE CARRIED TO LEVEL 


i 
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DEFINITION OF TECHNOLOGY REQUIREMENT 




NO. 1A3 

1 . TECHNOLOGY REQUIREMENTmTLE^: Modular Parallel PAGE 2 OF ^ 

Pipe-Line Processor (MPPP) 

7. TECHNOLOGY OPTIONS; 

Although the required module functions can be fabricated using standard off 
tne shelf digital logic, neither the form factors (size, weight, etc.) noi 
the resulting power consumption would be suitable for spacecraft use. A new 
device technology or significant advancements in ciirrent technologies must 
be achieved before the maximum advantage of a system like this could be 
realized. Near term objectives should however begin concentrating on 
developing prototype systems to verify the concept and encourage the development 
of technology necesseiry for the spacecraft implementation. Non- flight qualified 
versions of the concept could be put to use processing earth resources data on 
the ground. 


8. TECHNICAL PROBLEMS: 

1) High speed, low power complex digital integrated circuits are required 
which are not currently available. 

2) Size, weighb, and power requirements without integrated circixit technology 
advancements . 


y. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL _ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Integrated circuit development in the area cf high speed, low power devices for 
complex arithmetic and logical functions. 

High speed semiconductor random access memory technology. 

High speed fault tolerant computers for aerospace applications. 
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DEI’INriiON OF TECHNOLOGY REQUIREMENT 


N^. 1A3 


1. TEGHNOLOriY REQUIREMENT rTITT.E^! Modular f^rallel PAGE 3 OF 

Pipe -Line Processor (MFPP 


13. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAi\ YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis/Design 

2. Fabrication 

3. Test 


APPLICATION 

1. Design (Ph. C) 

2. Devi/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


M. REFERENCES: 





LEVEL OF STATE OF ART 


1. BASIC PHENOMENA OPSEPVED AND »ErORTED. 

2. THEORY raiMCLATEDTC DESCKtB. PHENOMENA. 

3. THEOrU TESTED DY PHY 4CAL EXPERIMENT 

OR matiiem.aticai. '•oon.. 

4 . PERTINENT KtNCTIO*. OR CUARrtCTERlS.TC DEMONSTRATED, 

E.C .. MATERIAL COMPONENT, 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE UARORATORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODE!. TESTED IN SP.YCE EN\TRONMENT. 

t. NEW CAPAIULITY DLRl ED FROM A MUCH LESSER 

operational model. 

4. REUA WLITY UPGRADING OF AN Opt U fl' >SAL Mv -^EL. 
^0. L'l-ETIME EXTENSION OF AN OiTRVriON U. MODEL. 


3S 











DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): Information Extraction PAGE 1 OF Jl 
And Data Compression- -Both Earth-Orbital And Planetary Plight 


2. TECHNOLOGY CATEGORY: Data Processing and Transfer 

:3. OBJECTIVE/ ADVANCEMENT REQUIRED: Pre-process and process on -hoard 
sensor data in a distributed flight data system which then compresses data 
centrally for transmission to ground. 


i. CURRENT STATE OF ART: Ray and monor preprocessed data is Inter- 

leaved/multiplexed for transmission to the ground with some moderate 

co mpression. HAS BEEN CARRIED TO LEVEL _3^ 

5 . DESC KIl'TION OF TEC HNOLOGY 

Incorporate in sensor output (s) the necessary sensor calibration and conversion 
algorithms to more nearly select or discriminate the desired intelligence in 
meaningful units such that only the useful data are taken. Next, provide dis- 
tributed microprocessors and tailored software associated with eac^ stand alone 
sensor or group of related sensors (experiment) to discard irrelevant and 
repetitive information. Only initial state and subsequent change data should 
be provided to the vehicle central processor for transmission to the ground for 
itnage data which a user insists be transmitted to the ground, only those ffames 
which exhibit predetermined change characteristics should be provided or only 
the affected portions of those frames. The vehicle central processor shoxild 
provide the vehicle time base and should perform data interleaving and data 
compression (up to 1000:1). The system (Continued on page 4) 

P/L REQUIREMENTS BASED ON : 0 PRE-A.Q A.Q B.Q C/D 

6 . RATK )NALE AND ANALYSIS: 

The magnitude of data to be processed will be staggering based on plans for 
future earth-orbital and planetary missions involving continuous or near- 
continuous measurements from complex sensors. If on-board pre-processing and 
processing are not significantly increased to transmit only what is relevant 
to the problem at hand, the impact on down link communications will be to 
exceed its capability. Furthermore, the major volume of data generated will 
have to be stored/processed in ground-based facilities with longer loop time 
for experiment analysis and modification. 


-RODUCibiLrrY of the 


TO BE CARRIED TO LEVEL 7 


s 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. iBl 


1 . TECHNOLOGY REQUIREMENT(TITLE) : Infornatlon Extraction PAGE 2 OF L 
And Data Compression 

7. TEC HNOT.OGY OPTIONS: 

Location of on-board processing (central vs. distributed) and the extent 
of man interaction for manned vehicles provides options within the basic 
technology area. 


8. TECHNICAL PROBLEMS: 

To discriminate the desired/significant intelligence from sensor outputs, 
particularly when memy items can be determined from complex sensors, and to 
represent the relevant results in efficient terms poses a major problem in 
information science. Also, data compression of the desired magnitude without 
increasing error rates poses a problem of low -noise time -stable circuitry. 


9. POTENTIAL ALTERNATIVES: 

Increase communication link data transfer capacity and enlarge ground-based 
data processing/storage facilities. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Sensor u.. :hnology advancement. 






DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOG Y REQUIREM ENT (TITLE) : 

Information Extraction And Data Compression 


NO. IBl 


PAGE 3 OF ^ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 



SCHEDUI.E ITEM 

TECHNOLOGY 

1. 

System Concept 

2. 

System Design 

3. 

^brication 

4. 

Test & Demo 

5. 

Documentation 

APPLICATION 

1. 

Des^n (Ph. C) 

2. 

Devl/Fab (Ph. D) 

3. 

Operations 

4. 



i;;. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

Outlook For Space 



15. LE VEL OF STATE OF ART 


1. BASIC PHKNOMtNA OnSEBVKD AND HEronTED. 

2. TMEOKY TOKMCLATET) TO DESCKIIJF. PHENOMENA. 

3. THEOHV TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODE!.. 

4 . PERTINENT UNCTION OR CJIARACTERISTIC DEMONSTRATED, 

E.C., MATERUL. COVPONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE UARORAlt>RY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

6. NEW CAPAnn.ITY DERm:D FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9 . RELIABILITY UPGRADINC OK AN OPERATIONAL MODEL. 
10, LIFETIME EXTENSION OF AN Ol'LRATIUNAT. MODEL. 












DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. . 

1 TECHNOLOGY REQUIREMENT (TITLE): 

Information Extraction And Data Compression 

PAGE OF Jl- 




should be adaptive to the extent that the system gains/sensltlvltles, 
sensor fields of view, conversion factors, compression ratios, etc. cem 
be modified either by man, ground processor, or vehicle processor based on 
P.I. decisions, predetermined conditions, etc. (dependent on permissible 
loop time). 











DEFINITION OF TECHNOLOGY REQUIREMENT NO. .ICl 


1. TECHNOLOGY REQUIREMENT (TITLE): Laser Data Transfer pAGE 1 OF JL 


2. TECHNOLOGY CATEGORY: System 

3. OBJECTIVE/ ADVANCEMENT REQUIRED- Provide wideband (up to one gigabit) 

data transfer capability for space -to-space data linto 


4. CURRENT STATE OF ART: Engineering model systons have been demonstrated 
In laboratory operations. 

HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

Laser heterodyne systems operating at 10.6 microns with 2^ centimeter 
telescopes as antennas at both the receiving and transmitting stations 
can provide data rates up to $00 megabits per second with currently available 
technology. Nd: YAG systems operating at 1.06 microns in a direct receive 

mode with 40 cm. telescopes at the transmitter eund 60 cm. telescopes at the 
receiver have been operated at rates up to one gigabit in the laboratory. 

Both systems have potential to meet the stated requirements. Space testing 
is necessary to verify laboratory performance, identify operational limitations, 
and qualify laser systems for space applications. 


P/L REQUIREMENTS BASED ON: □ PRE-A.O A,Q B.Q C/D 

6. RATIONALE AND ANALYSIS: 

a) laser systems offer the most effective and economical approaches to 
achieving data transfer rates in the gigabit per second range. 

b) All earth observation satellites plus planetary spacecraft operating 
with imaging systems or other types of hi^ data rate sensors would 
benefit from this technology. 

c) Wideband data transfer would permit operation of sensors at maximum 
resolution and sensitivity limits and lessen the requirement for on-board 
storage or processing of data. 

d) Space testing is needed to eliminate unlmowns and minimize risk in 
operational applications. The system should be operated in a typical 
data link oArer an extended period of time to assess operating margins, 
tracking and acquisition capabilities, and laser operating life in a 
space environment. 


TO BE CARRIED TO LEVEL? 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. ICl 

1 TEC KNOT .OGY REOUIREMENTrTITLEk Laser Data Transfer 

PAGE 2 OF 



7. TECHNOLOGY OPTIONS: 


Primary option is to trade off between coherent and noncoherent approaches. 
Coherent system is limited by available modulation techniques to about 500 
megabits per second. Research on improved modulator /demodulator technologies 
is being conducted xmder ctzrrent R & D programs. 

Noncoherent approach requires larger antennas (telescopes) to provide needed 
link margins due to limited power and efficiency of lasers. Efforts to 
improve laser efficiency are underway also. 


8 . TECHNICAL PROBLEMS: 

Problem areas include laser lifetime, laser pumping techniques, modulator 
techniques and detector response time. 


9 . POTENTIAL ALTERNATIVES: 

Alternative approaches include extension of current microwave systems 
technology to higher frequencies and the development of millimeter wave 
systems to improve the data relay link capability. On-board data handling 
and processing technology provides an additional alternative where total 
data return is not required. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

Continuing laboratory R & D activities can provide more efficient lasers, 
modulators and detectors (RTOP 506-20-23); but will not provide needed 
space teste. Planned AF experiment will demonstrate Nd:YAG system in space- 
to-ground mode in 198 O, but cannot answer questions on space-to -space system 
operation. 

EXPECTED UNPERTURBED LEVEL 

' 1 . RELATED TECHNOLOGY REQUIREMENTS: 

Advanced data storage and processing techniques in ground based systems will 
be required to handle the increased data flow resulting from this technology. 




» 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. ICl 


TECHNOLOGY REQUIREMENT (TITLE): 


• Laser Data Transfer PAGE 3 OF 


12 . TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
- Prototype Design & 
Test 

9 Plight Model Pabri- 
^ • cation 

o Spacecraft Integra- 
tion 

4. Flight Test 

g Operational System 
Specification 


APPLICATION I 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 





1. FASA Laser Data Relay Link Experiment for the DOD/KASA Cooperative 
Space laser Communications Flight Test, Volumes I ari II, GSFC, May 
197 ^. 


LEVEL OF STATE OF ART 

X. BASIC PHENOMENA OBSERVED AND ytEPORTED. 

2. THEORY roitMDLATED TO DESCRIBE PHENOMENA, 

S, THEORY TESTED BY PHYSlCAt EXPERIMENT 
OR NUTIIEMATICAL MODEL. 

4. PEHTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C.. MATERIAL, COMPO.NENT, BTC, 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

S. MODEL TESTED IN AiRCRAfT ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

I. NEW CAPABILITY DE«:ViD FROM A MUCH LESSER 
OPERATIONAL MObwL. 

f. REUAIBLTTY UPCJRADINC OF AN OPERATIO.NAL MODEL, 
to, UFETIME EXTENSION OF AN 01 LRATIONAT, MODEL, 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 


1C2 


1 . TECHNOLOGY REQUIREMENT (TITLE): Millimeter Waves For PAGE 1 OF _2_ 

Spacecraft /Spacecraft Data Transfer .. 

2. TECHNOLOGY CATEGORY: Systems 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Development of space data transfer 

terminals operating In millimeter -wave bands. 


■1 piiiiRFNT STATE OR ART" Mllllmeter-wave communications have allegedly been 
developed for t^ Department of ItefenseT However, that''wort is-o 

h-lghly plRSRified t.hat In f nrmAtinn is not rpai^ily available and the tecnnolOgV 

is not accessible. HAS BEEN CARRIED TO LEVEL _ 


5. DESCRIPTION OF TECHNOLOGY 

The whole range of data transfer terminal components and techniques must be 
developed. This Includes antennas, receivers, transmitters, and modxilatlon. 
The requirement which exists Is for a system that provides gigabit data 
transfer In point-to-point space communications. Specific tradeoffs such 
as antenna size vs . transmit power must await detailed data . 


P/L REQUIREMENTS BASED ON: 0 PRE-A.Q A.Q B,D C/D 


6 . R A n( )N A L E A ND ANALYSIS: 

Data trsmsfer at the customary frequencies (S and Ku -Bands) involves sizable 
antennas. More importantly, space-to-space links are subject to CCIR guide- 
lines restricting power density impingement on the earth. This causes the 
requirement of spreading the transmitted spectrum and complicates system 
operation. Millimeter waves are absorbed by the atmosphere and are not subject 
to spnreading requirements. Antennas at millimeter wavelengths are miniscule 
and allowable data rates are extremely large, with gigabit channels feasible. 
Development of such channels would provide a viable candidate for futui*e 
space-space data transfer links. 


TO BE CARRIED TO LEVEL _ 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 1C2 


1 . TECHNOLOGY REQUIREMENT(TITLE): Millimeter Waves For PAGE 2 OF ^ 

Spacecraft /Spacecraft Data Transfer 

7. TECHNOLOGY OPTIONS: 

Data limited 


8. TECHNICAL PROBLEMS: 
Data limited 


9 . POTENTIA L A LTE RNA nVES: 
Laser Data Transfer 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Embryonic technology. Progression unpredictable. Technology data is 
classified. 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 







DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): High Capacity Ku-Bapd _ PAGE 1 OF _3_ 
Communication Terminal 


2 . TECHNOLOGY CATEGORY: Systems 


3. OBJECTIVE /ADVANCEMENT REQUIRED: Develoment /Demonstration of a space- 
craft Kii-fiand Communication terminal compatible with TDRSS operation, with 
color TV capability on the fo rward link and 200 MBPS carabilltv on the return 

link. 


4. CURRENT STATE OF ART: Shuttle Qrbiter is developing a terminal that is 

marginal at 1 MBPS on the forward and 50 MBPS on the return link. 

HAS BEEN CARRIED TO LEVEL 4 


5 . DESC RIPTION OF TEC HNOLOGY 

Required components are a Ku-Band 5 foot-equivalent unfur lable antenna, 
integrated with a 25 watt solid state up-converter/power amplifier and a 
parametric amplifier/image-enhanced down -converter . This package must fit 
in the space allocated to the Qrbiter 20 inch dish. It is likely that a 
flexible heat pipe will be required to provide some temperatvtre stabilization. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A.O B,0 C/D 
(5. RATIONALE AND ANALYSIS: 

The Shuttle Qrbxter has been designed to carry a 20 inch dish to allow payload 
access to wideband data transfer through TDRSS on Ku-Band. A larger rigid dish 
is not feasible, and the power budget with this dish is very restrictive. While 
the margins are still in a state of uncertainty, it is problematical whether a 
one megabit forward link and a 50 megabit return liidt can be maintained. These 
data rates by no means saturate TDRSS capability or satisfy all projected user 
requirements. A five foot-equivalent unfur lable dish would give an order of 
magnitude improvement in capability. To gain further improvements, the Ku-Band 
electronics should be integrated with the antenna, allowing low-loss spacecraft 
interfaces without use of pressurized wave guides with rotating joints. This 
would require development of a solid state power amplifier (25 watts should be 
readily achievable with PAAs technology) with integral up-converter and a 
parametric preamplifier with integral image-enhanced down- converter. These 
components (antenna, preamp and poweramp) should all be developed with the goal 
of integration so that antenna structures may serve as part of the electric 
housing, thereby minimizing gimbaled mass. It is probable that a flexible heat 
pipe will be required to stabilize temperatures on the antenna. Such a system 
would allow higher performance while using flexible media such as coaxial cable. 


TO BE CARRIED TO LEVEL J. 
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■ 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 1C3 


1. TECHNOLOGY REQUIREMENT ITITLEL High Capacity Ku-Band PAGE 3 OF 
Communication Terminal 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 


SCHEDULE ITEM 

TECHNOLOGY 
. Component 
Development 

2 . Terminal Design 

3 . Demonstration System 
Flight 

4. 


CALENDAR YEAR 

75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91: 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 


i:5. USAGE SCHEDULE: 
TECHNOLOGY NEED DATE 

dumber of launches 


T'^TAL 


25 25 25 25 25 


14. REFERENCES: 

Outlook for Space, Workshop Users Guide, Shuttle Systems Description 


LEVEL OF STATE OF ART 

1. BASIC PHENOMENA ODSERVUD AND HEPORTED. 

2. theory FOUMULATED to OESnUBE PHENOMENA. 

3. THEOin TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODI:!.. 

4 . PERTINENT EINCTJON OR CHARACTERISTIC DEMONSTRATED. 

E.C.. MATERIAL. COVPONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABOR.AWRY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SP.\CE ENNIRONMENT. 

$. NEW CAPAWUTY DLRIVTD FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. RELIABILITY UPGRADING OF AN OPERATinNAl MODEL. 
10. UFETIME EXTENSION OF AN OPtRATlONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 1C3 


1 . TECHNOLOGY REQUIREMENTmTLE^: High Capacity Ku-Band PAGE 2 OF ^ 

rnmrmini catioD Termltxal 

7. TECHNOLOGY OPTIONS: 

Power level and antenna size may be traded on the return link. Very little 
can be accomplished on the forward link to reduce system noise temperature and 
increase data transfer without increased antenna size. 


8. TECHNICAL PROBLEMS: 

The components should not be exceptlcnally difficult to develop. However, 
integration into a functioning whole may prove more difficult. Thermal 
control, gimbalsd mass minimization and size may prove to be problems. 


9. POTENTIAL ALTERNATIVES: 

Little can be done with the present TDRSS implementation to improve 
performance without attacking antenna size and losses. In the long term, 
lasers or millimeter waves may replace the Ku-Band space to space links. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

A JSC RTOP (909-^4-07) is addressing the antenna/electronics integration at a 
low l.evel using existing components . A requested GSFC RTOP would initiate 
Ku-Band solid state power amplifier work. The USAP Avionics Laboratory is 
developing X-band GaAs power amplifiers. The required terminal is not likely 
to be available by 1985 at present levels of activity. 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Flexible heat pipes. 




DEFINITION OF TECHNOLOGY REQUIREMENT NO. 1C4 

1. TECHNOLOGY REQUIREMENT (TIILE): Low Co^t Kellabls. PAGE 1 OF ^ 

tfodular, Microwave Comnunlcatlons Active Antenna 

2. TECHNOLOGY CATEGORY: Systems 

3 . OBJECTIVE/ ADVANCEMENT REiaillRED; Made a radical Improvement In the 
r«»IlablHty of conununlcatlon llnt.^ through the development of solid state, 

transmlt-receive. phased arrays. 

4. CURRENT STATE OF ART: PoT^'er generation Is by single tubes, or solid 
state devices, and therefore subject to catastrophic failure. Phased arrays 
have been too expensive and complicated. __ BEEN CARRIED TO LEVEL _4 

5. DESCRIPTION OF TECHNOLOGY 

The recent demonstrations o\‘ Gallium Arsinlde field effect devices as power 
generators and detectors at micrcrfave frequencies protends the development 
of a family of apertures, producible at a reasonable price ($100.00 per 
module) and assemblable -trato highly reliable, gracefully degrading arrays 
for communications or radeir systems. The following steps are required- - 

(1) Study and design a set of link requirements (Power, Gain, Bandwidth, 

?Ioise Figure etc . ) . 

(2) Interprets requirements into device and module specifications. 

(3) Develop modules and assemble into arrays. 

(A) Test aurrays for BM, Power etc. 

(5) Demonstrate arrays in shuttle orbitor. 


P/L REQUIREMENTS BASED ON; □ PRE-A.D B,D C/D 

6 . HA TK )NA LEA ND ANAL YSIS: 

a. ) This technology affects every payload and vehicle that has a communi- 

cations function. A typical application would be the shuttle orbitor 
which has a requirement for a 23 watt, y) megahe..oZ, Ku-band link. 

^nils appears to be well within the technology potential. 

b. ) Links should be designed for Satellite to Satellite, Satellite to 

ground, vehicle to Satellite, vehicle to vehicle range of applications. 

c. ) Reliability of communications and therefore mission performance and 

length of life should be Improved by 10:1. 

d. ) The theory and devices are at level k and now levels 5> 6, J, 8 

should be accomplished. 


TO BE CARRIED TO LEVEL 8 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 1C4 


1 . TECHNOLOGY REQUIREMEKTmTLE^ : T.nw rogf, PAUabli. PAGE 2 OF ^ 

Modular Microwave Commiinications Active Antennas 

7 , TEC HNOLOGY OPTIONS: 

1) Microwave tubes (remote) and rteerable dishes. 

2) Solid state devices (local) and steerable dishes. 

3) 1 or 2 and phased array. 

4) Distribute'^ solid state transmitter-receivers and phased arrays. This 
allows electronic scanning of beams and the elimination of motors, gears, 
cams, Rotary joints and other items of potential failure. 


8. TECHNICAL PROBLEMS: 


This innovative technology appears to have no foreseeable problems other than 
funding and accomplishment. 


9. POTENTIAL ALTERNATIVES: 

(1) Use silicon and varactor multipliers to make the solid state transmitters 
and receivers (more expensive and lower reliability). 

(2) Stay with present technology and suffer cost, performance, and 
reliability los , 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

(1) The US Air Force is actively programming for GaAs devices and an 
A-A/A-G Radar using this technology ($1.0M/year) 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

High Bandwidth modulators and signal orocesslng must h<> 
combined with these apertures to make a communlcatlona 
system. Also heat pipes* 




1 


DEFINITION OF TECHNOLOGY REQUIREMENT NO. ICk 


1 TFrHNOl.Or.Y REQUIREMENT ITITLE): T.nw m-.h Uell^hlA PAGE 3 OF J — 

Modular Microwave Communications Active Antennais 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Define & Design 

2 . Develop + 

3. Test 

4 . Space Demonstrations 
(Shuttle orbitors) 

5. 


- 





















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 





) 






- 









1 in. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 






i 











TOTAL 
1 

NUMBER OF LAUNCHES 

















L 

kiJ 

H. REFERENCES: 

J.r Force Avionics Labor 
Mr. W. J. Edwards 513-2 

15. LEVEL OF STATE 01 

1 . BASIC PHENOMENA OBSEUVED 
Z, iilEORY l-t>KMCLATED TO DESC 

3 . THEORY TESTED BY PHYSICAL 

OR MATIIEM.ATICAL MODE!.. 

4 . PERTINENT FUNCTION OR CIIAf 

E,C., MATERUL, COVPONK^ 

atory TOP-Tl 
25-2911 

' art COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY, 

iND repo;. FED. 0. MODEL TESTED IN AIRCRAtT ENVIRONMENT. 

KIBE PHENOMENA. 7. MODEL TESTED IN SPACE ENXnRONMENT. 

^.XPEKIMENT 8, NEW CAPABIUTY DERIVED FROM A MUCH LESSER 

operational MODEL. 

lACTERISTir DEMONSTRATED. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 

JT. ETC. 10. UFETIME EXTENSION OF AN OPERATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1C5 



I 


52 




NO. 1C5 


DEFINITION OF TECHNOLOGY REQUIREMENT 

1 . TECHNOLOGY REQUIREMENT(TITLE): Light Weight PAGE 2 OF J. 

Transponder 

7 . TECHNOLOGY OPTIONS: 

Continued operations with current technology severely constrains data 
transfer rates and efficiency of space operations* 

Switch to KuJband with TDRSS will increase data rate capabilities r but currently 
requires large antennas and TWT systems on user spacecraft due to limited 
availability of solid state con 5 )onents. 

Development and demonstration of solid state technologies at the v^per limits 
of the microwave spectrum can provide more efficient, lightweight transponder 
capability without major increase in system implementation and operation costs* 


8. TECHNICAL PROBLEMS: 

Break-through type of advancements in solid state RF transistors are needed 
to guarantee required performance. 


9. POTENTIAL ALTERNATIVES: 

Millimeter wave and optical communication systems offer similar performance 
capabilities. Trade-off studies indicate optical systems are less cost 
effective for missions where data rates are of the order of 200 megabits per 
second or less. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Current R & D programs are examining solid state RF power amplifier technologies 
for Ku band. Surface acoustic wave filters,* oscillators and frequency 
synthesizers at S, X and Ku bands are being developed under several NASA 
and DOD sponsored programs. Extension to higher frequencies Is urgently needed. 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Antenna pointing and control techniques con^atible witli the narrow beam widths 
of higher frequency systems will have to be demonstrated. 

New antenna structures and feed systems may be needed to provide efficient 
transmission and reception capability. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 1C5 


1 TPrHNni noY rfoiitrf.ment ^TITLE^ 

Liaht Weight 




PAGE 3 OF _3_ 


Transponder 





r 














12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 








SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 


82 

83 

84 

85 

86 

87I 

88 

89 

90 1 

91 

J 



( 


TECHNOLOGY 
1 ^ Component Deve lopmentj 

2. System Design 

o System Fabrication & 
Test 

4. Laboratory Operation 

5. Documentation 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operationr 

4. 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


To 


be 


determined 


TOTAL 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 

L BASIC PHKNOMENA ORSERVKD AND RErORTED. 

2. THEORY F’OHMrLATEDTODESCIHBF. PHENOMENA. 

3. rrtEORV TESTED DY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4 . PERTINENT KLNCTlON OR CHARACTERISTIC DEMONSTRATED. 

E.C.. MATERUL. COMPONENT, ETC. 


6. COMPONENT OR BREAD BOAPJ) TESTED IN RELEVANT 

ENVIRONMENT IN THE UAPORAIORY. 

«, MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SP.KCE ENVIRONMENT. 

S. NEW CAPAHILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

•. RELIABILITY UPGRADING OF AN OPERA Th>NAL MODEl 
10. LIFETIME EXTENSION OF AN OPLRATIONAT. MODEL. J 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): On-Board Solid State PAGE 1 OF 3_ 

Data Stor age Systems 

2. TECHNOLOGY CATEGORY; System 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Development of low cost# low powei 

high density data storage memory technologies, cmd data sto rage systems 

using these technologies 


4. CURRENT STATE OF ART: 
available system 

5. DESCRIPTION OF TECHNOLOGY 


HAS BEEN CARRIED TO LEVEL 


The following requirements have been identified: 

1. High Reliability--MTBF=10 ,000 hours plus graceful degradation 

2. Rapid Random Access at least to the block level 

3. Large Capacity-=10^ Bits 

4. High Data Transfer Rates — up to 25 MHZ 

5. Low Power — Very Low Power for stand by and low data rates=50 watt peak 

power at maximiam data rate 

6. Low Cost 

7. Low Volume and Weight 


P/L REQUIREMENTS BASED ON: □ PRE-A,Q A,Q B.Q C/D 


6, RATIONALE AND ANALYSIS: 

Almost all data collection and information systems aboard spacecraft will 
require some form of data storage. The present requirement driver is the 
need to store spacecraft data until down link opportunities are available. 
Future use of on-board data processing may require additional on-board 
storage necessary to buffer sensor data prior to processing, to store 
intermediate and final processed information, and to store processing and 
analysis software programs. 


TO BE CARRIED TO LEVEL 


I 




DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT(TITLE) ; 
Data Storage Systew^ 


PAGE 2 OF 


7. TECHNOLOGY OPTIONS: 

At least two data storage technologies currently being investigated offer 
promise tor fulfilling these requirements* They axe the m^ignetic domain wall 
motion devices like bubbles, cross-tie memories, etc. and semiconductor 
charge storage devices like Difmos Devices and CCD's. Research aiid development 
in these or other areas of Data Storage Technology will be required to meet ^ 
future objectives. Bubble Domain Devices have been developed which contain 10 
bits per chip and data storage systems are currently being developed having 
capacities up to 10^ bits. Even though these developments look very promising, 
higher density diips, higher on chip data rates, and simplified magnetic 
interfaces will have to be developed before requirements projected for the late 
1980 's and beyond can be met. 


8. TECHNICAL PROBLEMS: 


Bit Storage Density 

Data Rates and Access Times 

Inplemention Form Factor (size, weight, power, etc.) 


9. POTENTIAL ALTERNATIVES: 

Magnetic tape or rotating devices like disc or drum memories. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

g 

NASA is currently developing a 10 bit Bubble Data Recorder under RTOP 
520-71-01. 


EXPECTED UNPERTURBED LE ^EL 


11. RELATED TECHNOLOGY REQUIREMENTS: 

Basic research in memory storage device technology. 


1 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. IDl 

1 TKCHNOT.OGY REQUIREMENT (TITLE); , 

PAGE 3 OF 

Data Storaae Systems . _ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 



SCHEDULE ITEM 


TECHNOLOGY 

Material & Process 

* Research 

2. Device Design & 
Development 

3 ^stem Design 

4. System Pab. 

5. Test 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 





LEVEL OF STATE OF ART 


1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY roiiMULATCD TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL E.XPERIMENT 

OR NUTIIEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E«C., MATERIAL, COMPONENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

S. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

9* MODEL TESTED IN SPACE ENVIRONMENT. 

I, NEW CAPAmLlTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

f. REUABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. UFBTIME EXTENSION OF AN OFERATIONAL MODEL. 









DEFINITION OF TECHNOLOGY REQUIREMENT NO. ^ 

1. TECHNOLOGY REQUIREMENT '.HTLE): Random Accesb PAGE 1 OF 2 

I Memories For , .Low Cost Computer Systems 

2. TECHNOLOGY CATEGORY; 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Obtain random access memories for 

flight costing less than 1 9 entper bit. 


4. CURRENT STATE OF ART; About 20 cents per bit In cores and about 50 

cents per Pit In piated wire. 

HAS BEEN CARRIED TO LEVEL 

5 . DESC HIPTION OF TEC HNOLOGY 

Various integrated circuit technologies hold the promise of lowest RA 
memories. A combination of these technologies with electron beam storage 
is also possible. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B.Q C/D 

6. RATIONALE AND ANALYSIS: 

The major (60^ to 80^) hardware cost in flight computer systems is the RA 
memory. This memory stores the program and the data that is being worked 
on by the computer. Because of this expense, software cost is considerably 
higher than it would be if RA memory was plentiful and inexpensive. 

Technology improvements aimed at lower cost RA memories will directly result 
in lower cost data processing systems. 


TO BE CARRIED TO LEVEL __ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. IDE 


1 . TECHNOLOGY REQUIREMENT(TITLE): Random Access PAGE 2 OF _2 

Memories For Utv Cost computer Systems 
7. TECHNOLOGY OPTIONS: 


Traditional approaches to RA. memory are slowly decreasing in cost. Cores 
and plated wire are used in most of today's systems. New approaches such 
as integrated circuits and perhaps electron beam devices hold promise for 
lower cost systems. The wavelength allows a very compact device. Holographic 
systems may also be applicable. 


8. TECHNICAL PROBLEMS: 


y. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBE* TECHNOLOGY ADVANCEMENT: 

Advances are small, incremental. Ground RA costs are slowly coming down. 
Flight requirements are somewhat unique to NASA's reqiiirements and are not 
being directly addressed in other programs. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 


I 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

‘ i 1. TECHNOLOGY REQUIREMENT mTLE\; Bulk Daca Storage For PAGE 1 OF 2_ 

\ ; 12 

K I Spacecraf t ( IQ And Larger) 

\ I 2. TECHNOLOGY CATEGORY: 

: I 3. OBJECTIVE /ADVANCEMENT REQUIRED: 


4. CURRENT STATE OF ART: Low cost wide band type recorder has a capacity 
of 3 X 10^^ is I d e arly stages of development 

HAS BEEN CARRIED TO LEVEL , 

5, DESCRIPTION OF TECHNOLOGY 

The only current technology that can he expected to handle the capacity and 
be reasonable in terms of size^ weight, power, and cost is magnetic tape. 

The original Landsat Wide Band Video Tape recorder extended the lifetime 
capability over conventional ground based Video tape recorders by a factor 
of four. Its performance in orbit of 1000 hours of operation before the 
tape wore out allowed it to playback to the ground more than 20 times the 
data played back from all other NASA recorders . A program to extend the lilt 
of Landsat C is underway and those improvements will extend its life at least 
a factor of 10. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,Q B.Q C/D 

6. RATIONALE AND ANALYSIS: 

6 

Landsat VTR packed almost 10 bits on each squeure inch of tape surface. 

^ Backing densities of 5 X 10° bits per square inch have been demonstrated. 

' Higher densities are limited by the thickness of the magnetic coating. Long 

!: wearing high remnance coatings less than 20 micro inches are needed. If 10 

f micro inches could be obtained a density over 10° per square inch might be 

i achievable. Very large (10^3) storage systems are possible even with today's 

I demonstrated packing densities, but the mechanics of moving 40,000 ft. of 

I 4 inch wide tape are expensive. However, at 10° bits per square inch, only 

I 6000 feet of 2" wide tape is needed. 



TO BE CARRIED TO LEVEL 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 1D3 

1 . TECHNOLOGY REQUIREMENT(TITLE): Bul3i Data Storage For PAGE 2 OF 2. 
Spacecraft (lO^ And Larger) 

7. TECHNOLOGY OPTIONS: 

The rapid access of large holographic systems is not required. Continuous 
transmissions to the ground through TDRS is a possibility, but this assumes 
TDRS availability at all times. Also a reduced rate playback while the 
satellite is over uninteresting areas of the world (water) might be needed 
just to get the data to the TDRS. 


8. TECHNICAL PROBLEMS: 

The very short recorded wavelengths require that substantially thinner 
magnetic coatings be achieved. Present coatings are in excess of 100 
microinches. This might be reduced by an order of magnitude. Solutions to 
the head-tape wear problem have been demonstrated in laboratory life tests. 
These solutions are being integrated into new recorders. 


9. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

NASA's flight recorders have the most to gain by technology improvements. 
Most other uses are ground uses and rolls of magnetic tape are relatively 
cheap compered to the high density machines described above. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

General electronic reliability improvements are needed to really get these 
complex high capacity recordex-s to be truly reliable components. 


8 

i 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


U)k 


1. TECHNOLOGY REQUIREMENT (TITLE): I^ss Memorr/ PAGE 1 OF 

For Proc ess ing Acquired Data 

2. TECHNOLOGY CATEGORY: 

3. OBJECTIVE /ADVANCEMENT REQTITREnt Extend mass storage ffom presently 


12 15 

ilanned 10 bits to 10 bits storage. 



3. DESCRIPTION OF TECHNOLOGY 

Data collected by spacecraft must be processed prior to transmission to the 
ultimate user. Since this processing usually requires data from many sources, 
the data must be stored in a mass memory. The sources might be altitude, 
orbit, ground truth and data from other spacecraft. Also, our image producing 
spacecraft produce most of their data over land masses. The mass memory then 
provides a storage capability to smooth out data flow , allow optimum use of 
the processing machines and makes best use of the various communicative 
resources . 


P/L REQUIREMENTS BASED ON*: OPRE-A.D A.Q B.Q C/D 
6. RATIONALE AND ANALYSIS: 

It is clear that the cost per bit of this system will have to be very low. 

Even if the facility were to cost $10 million, the cost per bit would have 
to be less than 10‘° certs. This is several orders of magnitude below today's 
mass memory bit costs and will require improvements in all mass storage 
technologies. Magnetic tape has the advantage of relatively cheap storage 
media, but the disadvantage of rather long access time (lO's of seconds). 

This may be satisfactory if data is stored in very large blocks, say 10^® 
bits or mere. The tape would also serve the off line storage functions 
without additional transcribing. It is estimated that 30 tape machines each 
holding a 10,000 ft. x-eel of 3" wide tape and using a packing density of ICr 
bits per sqiiare inch would do the job. This is only a one order of magnitude 
improvement in density over laboratory systems of today. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT(TITLE): Mass Memory Of Processing PAGE 2 OF ^ 
Acquired Data 

7. TECHNOLOGY OPTIONS: 

12 

Holosraphic systems are presently at capacities of 10 bits or more. This 
is expected to rapidly improve as media improves and bit densities go up. 

Access time to any bit will be short--a few micro seconds or less. Electron 
beam recorders are also a possibility. Because the electron beam wavelength 
is so short compared to light waves, veiy hi^ resolution at the storage 
medium is possible. 


8. TECHNICAL PROBLEMS: 

For tape systems, thin coating of media is required (lO to 20 microinch 
thickness). For Holographic systems, storage media improvements are required. 
For electron beam systems, target media that fully takes advantage of the 
resolution must be developed. 


U. POTENTIAL ALTERNATIVES: 

Bubbles and CCD's are potential alternatives. However, ^e per bit costs 
associated with these must drop drastically before a 10^^ mass storage system 
can be built from these technologies. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Other government users have sponsored large data stores in the past. For 
instance, Ampex delivered a Tera bit. (10^) tape storage system in the eaurly 
1960's. NASA's need to handle large numbers of high resolution, multispectral 
pictures during the 1980's may require sponsorship of a 10^5 tit system by 
NASA. 

expected unperturbed level _ 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Very high communication channel capacities. For instance, if the lo’'^ bit 
store was to be filled in one day, the aver .ge bit rate into the device 
would have to be 12 gig&bits/sec. (12,000 megabits/sec). 




DEFINITION OF TECHNOLOGY REQUIREMENT NO. IFl 

1. TECHNOLOGY REQUIREMENT (TITLE): Vision Enhancement And pAGE 1 OF 

Assistan ce For Teleoperator Control Systems 

2 . technology CATEGORY; Software 

;3. OBJECTIVE/ ADVANCEMENT REQUIRED: Improve and su pplement displays of 

Images transmi^.ted from remo>.e te e operator television cameras to give the 
operator better Imowledge of the t-.sk environment and of effector actions. 

4. CURRP NT STATE OF ART: N^st. mirrent tel eoperator vision systems do not 
provide adeqxiat e it nowledge of the remote sites for efficient and ccanfortable 
operator control. HAS BEEN CARRIED TO LEVEL 4 


5. DESCRIPTION OF TECHNOLOGY 

Many tasks conducted in space require the manip' nation of objects or the motion 
of vehicles in complex and possibly hazardous envli’onments whose featxires 
cannot be predicted or controlled. Examples of such tasks are shuttle payload 
deployment, servicing of payJ.oads by free-flying teleoperators, and l\\nar 
roving vehicle operations. When these tasks cannot be done by placing a human 
worker at the site, they must be conducted by remote control. A teleoperator 
system is one that enables an operator (on Earth or in the Shuttle for example) 
zo operate remote effectors while observing the task environment on displays 
of television images transmitted from the site. The technology covered in this 
requirement concerns the type and quality of the information made available to 
the operator. Specliically, three types of information processing ai-e 
addressed: l) Enhancement of TV images to emphasize fe'‘':ures needed for 

operator decisions; 2) Use of bandwidth compression techniques to improve the 
amount of useful information that can be transmitted in real time over a band- 
widtn limited channel; 3) Generation of displays based on (Continued on la) 

P/L REQUIREMENTS BASED ON: □ PRE-A,[I] A.Q B.Q C/D 

1 6. RATIONALE AND ANALYSIS: 

1) Enhancement. Operator viewing of teleoperator television camei-as requires 
sharp imaging of the target. Imige processing techniques are required will 
render the images presented to the operator more useful. Enhancement of 
target outlines is required. The operator should be able to select certain 
areas of an image and filter the TV data according to various criteria in 
real time. Processes now performed on TV images must be speeded up to 
permit a real-time interaction of the operator with the image information. 

2) Compression. Real-time mono and stereo TV pictures sa-e essential to 
teleoperator control. Bandwidth requirements for the tremsmisslon of such 
pictures, especially if they are in color, are excessive f -^r many space 
appllcatlonb Improvement of scene analysis techniques is needed bo that 
data of no use to the operator are not transmitted, whi.le the information 
of most use to him (object relationships to one another, outlines, 
distances, heights, etc.) is extracted interactively, transmitted, and 
displayed for use in real-time. 

3) Generation. An operator controlling a remote effector over a communication 

iiAirig only the information provided him hy a television ccunera, do*»s 
not have the same view of the ta^k environment that he would acquire if he 
(Continued on ftige la) TO PE CARRIED TO LEVEL 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Vision Enhancement And PAGE l^OF h_ 
Assistance For Teleoperator Control Systems 


2. TECHNOLOGY CATEGORY; 


Software 


3. OBJECTIVE/ ADVANCEMENT REQUIRED: 


•4. CURRENT STATE OF ART: 


HAS BEEN CARRIED TO LEVEL 


3. DESCRIPTION OF TECHNOLOGY (Continued Trom page i) 

non- visual information^ such as the positions of manipulator joints or wheel 
positions and orientations^ that will supplement the visual information and 
give the operator a more complete overview of the wor-< site. Such displays 
will be especially useful because it is found in practice that the operator 
cannot gain adequate knowledge of the effector configuration in relation to 
the workspace from TV images alone. 


P/L REQUIREMENTS BASED ON: Q PRE-A,D A.Q B,Q C/D 
6. UATIONALE AND ANALYSIS: 

were actually at tue site. As a result^ it is found that the time required 
to perfor the task may go up by a factor of ten or more, and the operator 
finds the cj^sk uemanding and tiring. Other types of information need to be 
extracted, telemetered, and combined to give the operator a more complete 
feeling of involvement. The feedback of force and tactile information has 
long been considered and is being pursued. Other useful data would be effector 
positions and highly filtered information (of the kind discussed in (2) 
concerning the characteristics of the environmem:. The focus in this portion 
of the requirement is on the development of displays that give the operator a 
bird's eye view of the entire work site - effector system plus environment. 

This display can be driven by the same information that drives the actual 
effector. For critical operations, planned actions can be tested in real time 
on the display before they are actually executed. The displays should be 
capaole of being rotated while in rov'on so that they can present the remote 
scene from a variety of useful perst^otives . 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. IFl 

1 . TECHNOLOGY REQUIREMENT(TITLE): Vision Enhancement And PAGE 2 OF L. 

Assistance For Teieoperator Control Systems 

7. TECHNOLOGY OPTIONS: 

1) Enhancement 

a) Develop highly parallel hardware systems for on-board image data 
preprocessing and feature extraction. 

B) Develop fast on-board serial computers for image preprocessing and 
ground systems for real-time image environment. (This approach is, 
however, not compatible with (2). ) 

2) Compression 

a} Develop scene analysis techniques and combine them with classical 
source encoding methods. 

B) Close some effectca: control loops on-board and transmit only highly 
filtered data to the operator. 

3) Generation 

a) ^ansmit data sufficient to drive a simulation (display). 

B) Use full-scale models for partial site recreation. 

8. TECHNICAL PROBLEMS: 

1) Enhancement - Hardweire and algorithm development 

2) Compression - Scene analysis 

3) Generation - Developing a real-time simulator matched to user needs 


9. POTENTIAL ALTERNATIVES: 

a) Use an astronaut where feasible to perform the task (EVA) 

b) Increase the communication bandwidth and transmit all data needed; 
perform all real-time data reduction and processing in large ground 
systems . 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a) Shuttle payload manipulation 

b) Free-flying teleoperators for payload servicing 


EXPECTED U NPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Reliable high-capacity on-board processors 

Scene-analyci s algorithms 

Robotics 


■>*U0DUCIBIL1TY OF TUb 

T^^r.v IS VOOV 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. IFI 


1 . TEC HNOLOG Y REQUIREM ENT (TITLE) : Vision Enhancement; 

AsRTRt.ance Pnr Tftleonftrat.Qr Control Systems 


PAGE 3 OF k 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDUl E ITEM 


(O 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1 , Develop source encoding 
& scene analysi.s methods 

2 , Design spaceborne imaging 
&* preprocessing hardware* 

- Design and code 
•^'Simulation system 

4. Prototype 

5 , Flight test 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


TOTAL 


NUMBER OF LAUNCHES 


AlJl blights 


aflter 


ac 


bepkanpe 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 


1 . BASIC PHENOMENA OBSERVED AND HErORTED. 

2. THEORY milMl’UATEI) TO DESCIIIBF. PHENOMENA. 

3. THEOin TESTED BY PHYSICAL EXPERIMENT 

OH MATHEMATICAL MODEL. 

4 . PEHTLsENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 

mateulm., component, etc. 


6 . 

7 . 

8 . 

9 . 

10 . 


COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE UABOR-^IORY. 

MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

MODEL TESTED IN SPACE ENVIRONMENT. 

NEW CAPAmi.lTY DLRm:0 FROM A MUCH LESSER 
OPERATIONAL MODEL. 

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
LIFETIME EXTENSION OF AN OPERATIONAL MODEL. 


67 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Modular Architecture PAGE 1 OF 4 

For Data Pr ocessing And Transfer Systems 

2. TECHNOLOGY CATEGORY: Systems 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Provide a system consisting of 

modniftr components and functions to better meet the needs of ad\^ ced space - 

craft, and ftxperiments thr ough modular IBI technology. 

4. CURRENT STATE OF ART: Presently th.^ prncaHsnr j. memory j. l/O, aod related 

functions are c oll ected centrally resulting in complex functions being 

performed by a large central system. HAS BEEN CARRIED TO LiEVEL 

5. DESCRIPTION OF TECHNOLOGY 

A very uodular, adaptable system is required where processing lonits are 
located at, and integrated with various functional spacecraft subsystems 
such as T, T, & C, Sensors, G&N, Power, and Propulsion. Functionally 
specific hardware and software would be a part of the particular subsystem. 
System elements would be functionally interchangeable and designed for fault 
tolerance and isolation. Commercially developed microprocessors and memories 
should be considered for use wherever possible. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B.Q C/D 

6. RATIONALE AND ANALYSIS; 

To date the approach to on-board data processing and transfer systems has been 
to centrally locate the processor memory, l/O, and software. As requirements 
have grown so has the complexity and size of the various system elements. The 
need for longer life systems has posed an additional problem since s /-stem 
elements are already so complex, fauJ.t tolerance and correction cinnot easily 
be accommodated, ^tost current approaches to this problem result in multiply 
redundant system elements; elements already large and cr-'olex. As requirements 
on the data processing system have increased so has the *-.ware complexity. 

Since the software now resides in a single processor /mea this has given rise 

to problems in software interaction, and difficulty with aquations and changes 
when they are required. Sophisticated operating systems and programming 
languages have become necessary to cope with this burgeoning problem. 

With the advent of the microprocessor and other LSI devices the opportunity now 
arises to cont.ider the possibility of distributing the functions of the data 
processing system among the user elements. For example, a processor unit could 
become a part of a sensor subsystem along with memory necessary to hold the 
control software to operate the sensor, to store the data collected, and to 
preprocess the data. Other processor /memory units could be integrated with T, 

T &C Power, Propulsion, and G,N &C systems. Another processor unit may functior, 
TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. lEl 


1, TECHNOLOGY REQUIREMENT (TITLE); Modular Architecture PAGE2 0FJt_ 
For Data Processing And Transfer Systems 


6. Rationale and Analysis: contd. 

as a controller for the data bus which would interconnect the network of 
processors and memories. Once the distributed element and function concept is 
accepted, many other possibilities open up. New concepts in fault detection, 
tolerance, and correction become possible. Reliability and redundancy require- 
ments can be approached differently. The total architecture of the data 
processing system becomes accessible and adaptable. Missions fly only what 
they require and as much as they require. Designers are not limited to some 
already designed system with its predetermined and frequently limited or 
restrictive capabilities . 

It is the intent of this effort to maximize the use of commercially developed 
devices such as microprocessors, memories, and other Ifil devices. The vise of 
such commercial developments will yield significant cost suad time savings. 

Unique ISI circuit development can be minimized. Support hardware and softwsire, 
compilers, cross-assemblers, and documentation are already available. In 
addition there is a potentially large base of experienced designers, programmers, 
and users. 







10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


RTOP 506-20-11 "Advanced digital data systems for deep space" JPL 


expected unperturbed level 

11. related technology REQUIREMENTS; 

Continuing development of microprocessors using such technologies as CMOS 
and I^L. 

Development of advanced design mass and random memories. 


70 
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DEFINITION OF TECHNOLOGY REQUIR EMENT NO. lEl 

1. TErHNm nr, V REOItirement mTi.El; Modular Architecttire PAGE4 OF Jt_ 
For Data Processing And Transfer Systems 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Conceptual Design 

2. Functional Design 
3 ^ System Development 

4. System Integration 

5. System Demonstration 


— 




















APPLXATION 

1. Oes^n (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 






— 


1 

1 








1 


i 













i:;. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 







P 










1 

TOTAL 
— 1 

NUMBER OF LAUNCHES 







□ 










I 

j 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 

1. BASIC PHKNOMENA OBSERVKD AND nFPORTED. 

2. THEORY hOUMULATEl) TO DESCRIBE PHENOMENA. 

3. THF(»R\ TESTED BY PHYSICAL EXPERIMENT 

OH MATHEMATICAL MODEL. 

4 . PEHTIM:nt EENCTION Oil ('HAIUCTERISTIC DEMONSTRATED, 

E.G.. MATERIAL, COVPO.NENT, ETC. 


3. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LAHOR.\1X.>RY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8. NEW CAPAIUUTY DLRIVTD THOM A MUCH LESSER 

operational MODEL. 

». RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OK AN OI'LR/\TIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. IGl 


1. TECHNOLOGY REQUIREMENT (TITLE): Direct Broadcast/ PAGE 1 OF A. 

i Na* ‘row ca st Systems 

j 2. TECHNOLOGY CATEGORY: Direct Communication Technologies 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Develop a capacity to broadcast/ 

"narmwcast" multiple channels of prograauning to local users equipped 

v ith $1QQQ receivers by I960 and esentlally iinmnrHfip d receivers by 1990. 

4. CURRENT STATE OF ART; ATS6 has the capability of broadcasting single 

channels to appr o ximately ^^000-5000 receivers. 

HAS B EEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

Shaped beams, efficient unenclosed high power tubes, improved power sources, 
beam switching, higher frequency components, local programming insertion 
techniques, possibly "frame-grabber" techniques (for narrowcasting), low 
sidelobes, video compression, etc. Would involve a technology demonstration 
satellite series Incorporating increasingly capable versions of those 
technologies. 


P/L REQUIREMENTS BASED ON; □ PRE-A.Q A.Q B.Q C/D 

6. RATIONALE AND ANALYSIS: 

Shaped beams are required for shaping to political boundaries and for better 
spectrum management, such as frequency reuse (ditto low sidelobes). Hl^ power 
tubes eire needed to permit cheaper ground stations to facilitate access to 
system. Simllsirly for high power sources. RTG's, etc. should be looked at for 
eclipse power although may not be justified. Beam switching may be desirable 
for narrowcasting applications to reach selected audiences . High Trequencles 
may later be needed to obtain sufficient numbers of channels. Local program 
insertion may be difficult technology but needed for ultimate success of 
direct broadcast in U.S. and multi-language international applications. Frame 
grabber broadcast techniques might be adapted ffom CATV for neirrow casting. 

Video compression will effectively conserve bandwidth in multichannel 
situations, and will conserve power. 


TO BE CARRIED TO LEVEL 
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11. RELATED TECHNOLOGY REQUIREMENTS: 

Power, navigation, data compression, on-board processing, attitude control 
structures. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


TECHNOLOGY REQUIREMENT {TTTi F>- Direct Broadcast/ 
Narrowcast Systems 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


NO. IGl 


PAGE 3 OF 4 


SCHEDULE ITEM 


TECHNOLOGY 
1. Shapet' beams/arrays 
High Power Tubes/ 

" • Sources 
3 ^ Video Compression 
High Frequency 
4 . conponents 

5 Operational Video 
Techniques 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 


l:;. USAGE SCHEDU LE: 
TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


M. REFERENCES: 






a. Convair Payload Study 

b. NAG Summer Study 

c. Outlook for Space Exec. Summary 

d. JPL Outlook for Space Tech. Forecast 

e. High Power Tube Inputs from Alexovich-LeRC 

f. NASA CR Tech. Implications of Information Transfer (LMSC) 


15. LEVEL OF STATE OF ART 


1. BASIC PHKNOMENA ORSEBVtD AND HErORTED. 

2. theory ^'OllMl^LATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4 . PERTINENT KENCTION OR CIIAIUCTERISTIO DEMONSTRATED, 

E.C., MATERLVL, COMPO>4KNT. ETC. 


0. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORAIORY . 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TEyrCD IN SP.ACE ENMRONMENT. 

a. NEW CAPAmi.lTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9. RELIABILITY UPGRADING OF AN OPERATIi>NAL MODEL. 
10- lifetime EXTENSION OF AN 01 L RATIONAL MODEL. 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT fTITLE^ ; Direct Broadcast/ PAGE 4 OF ^ 

Narrowcast Systems 


This definition includes a broad class of missions to demonstrate a variety 
of technoloqies leading to direct communications systems in the future. The 
objective of performing those missions is to recapture the national preeminence 
on communications technology with consequent favorable effects on national 
prestige, balance of payments, etc,, as well as upon increasing the quality 
of social interactions xinderlying the national social structure. This broad 
class of missions would concentrate on those types of coinmunicativ'ns satellites 
essential to the future national well-being vdiich are not currently (or in the 
foreseeable future) being attended to by the existing industrial structure. 
Recognizing that classical **trunking type" missions are being reasonably 
well-handled, at least in the near term by the existing institutions, the 
proposed missions would be concentrated on points-to-point missions such as 
DC? (data collection platform) data collection, and space data* relay; upon 
po^nt-to-points missions such as broadcasting or narrowcasting to local users; 
and ultimately, toward the year 2000, on particular enhancements of the 
points-to-points personal communications systems currently being more or less 
satisfactorily handled by the ubiquitous dial-u'^ telephone system. 

The technology of the present technology definition primarily emphasizes 
broadcast type missions. Another technology definition sheet will address 
data collection. 





DEFINITION OF TECHNOLOGY REQUIREMENT NO, IGI-A 


1. TECHN01,0GY REQUIREMENT (TITLE): High Powered PAGE 1 OF _3 

Micro wa ve System. S Band 

2. TECHNOLOGY CATEGORY: Data Processing and Transfer 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: To establish high power microwave 

tube technology for satellite solar power station. 


4. CURRENT STATE OF ART: Microwave tubes have achieved necessary power 

levels terrestr ia lly but not for use In space. 

HAS BEEN CARRIED TO LE VEL J_ 

5. DESCRIPTION OF TECHNOLOGY 

This technology encompasses the design, fabrication, and testing of microwave 
tules for the specialized needs of the SSPS. These tubes have power levels of 
5 to lOkw in the case of crossed -field amplifiers; and from 50 to 100 kw for 
klystrons. In the interest of saving weight, open envelope tubes are 
advantageous. The technology of processing tubes in the hard vacuum of space 
must be developed. 


P/L REQUIREMENTS BASED ON; □ PRE-A.0 A.n B.n C/D 

6. RATIONALE AND ANALYSIS: ^ 

Utilization of solar energy by means of a space satellite in geosynchronous 
orbit requires the technological development of specialized microwave tubes. 
These tubes must have a long life, cw operation, active phase and amplitude 
control, passive cooling capability, high efficiency, low noise, low cost, 
low weight, and they must operate at a frequency of 2.45 3Hz to take advantage 
of an atmospheric window. 


of im 

fii, PAGE IS POOR 


TO BE CARRIED TO LEVEL 10 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


TECHNOLOGY REQUIREMENT(TITLE): High Powered Microwave PAGE 2 OF 
Svstein, S Band 


7. TECHNOLOGY OPTIONS: 

Two types of microwave tubes are feasible for the specialized requirement: 
of the SSPS. 

a) Cross -field amplifiers (CFA) 

b ) Klystrons 


1 . TECHNICAL PROBLEMS: 

a) Identify primary sources of tube noise. 

b) Develop active phase and amplitude control. 

c) Activation of cathode In the hard vacuum environment of space 

d) Develop passive radiative cooling capability and designs. 


a. POTENTIAL ALTERNATIVES: 

Solid state microwave devices, so far, lack the power level required for 
this application. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIOOY ADVANCEMENT: 

Terrestrial demonstration of high eff.lclency transmission of microwave 
power to test the practicability of the SSPS concepi.. 


EXPECTED UNPERTURBED LEVEL k_ 


11. RELATED TECHNOLOGY REQUIREMENTS: 

a) System problem of coupling large numbers (10^ -.,o 10^) microwave tubes in 
arrays. The output signal of each tube must be controllable in phase and 
amplitude in order to properly launch microwave, beam. 

b) Structural Integrity and assembly techniques in the space environment of 
arrays having dimensx measured in kilometers . 


77 









DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT ITITT,E^: High Powered Microwav e RAGE 3 OF _3_ 

System, S Band 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

77! 78 


SCHEDULE ITEM 


TECHNOLOGY 

1. Efficiency trade-off 

2. Noise trade-off 

3. Terrestrial models 

4. Space models 

5. 


75 


76 


X 


79 


X 


80 


81 


82 


X 


83 


84 


85 


86 


87 


89 


90 


91 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 

4. 


X 


X 


13. USAGE SCHEDULE; 


“T 

TOTAL] 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


5OP 


501 


14. REFERENCES: 

1) Per..!'. . Study of a Satellite Solar Power Station NASA CR-2357, 197'^* 


15. LEVEL OF STATF OF ART 


BASIC PHKSOMENA OBSEim.D AND lErOR’iED, 

TIIEOHY J'OUMCLATEOTODESCKIIJF. niENOMENA 
THF.on\ TKSTF.n DY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEL. 

PERTINENT UNCTION OR CIIAIUCTERISTIC DEMONSTRATED. 
E.C.. MATERUL. C0.VP0.\KNT, ETC. 


6. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARDR^IORY. 

A. MODEL TESTED IN AIRCRAFT ENVIRONMENT, 
t. MODEL TESTED IN SPA(T ENVIRONMENT. 

8. NrV CAPAHILITY DERIVED FROM A MCCII LESSER 
OPERATIONAL MODEL. 

8. RELIABILITY UPGRADING ^'F /»N OPERATIONAL MODEL. 
10. UFE*1ME EXTENSION OF AN OI LHATION O. MODEL. 


78 


r' 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. IGl-B 

1. TECHNOLOGY REQUIREMENT (TITLE): High Power Microwave PAGE 1 OF 3 

System . Space Processing 

i 2. TECHNOLOGY CATEGORY; 

olijEC'l'lV'E/ ADVANCEMENT REQUIRED- 'i^o reduce the cost , weight , and 
improve the performance oC microwaye systems in the IGHz to lOOGH z range by 
using the tmiT-te properties of deep space to operate and process open envelope. 

1. CURRENT STATE OF ART: A study has been completed that shows the 

* of t ube s with open envelope in the a rea of efficiency, weight, and 

• BEEN CARRIED TO LEVEL Jj_ 

3. DESC RIPTION OF TECHNOLOGY 

The space shuttle in the sortie configuration will test the feasibility of: 

a) Constructing a 2.4^)GHz, 6kw aiut^iitron without a vacuum envelope and 
processing and operating the tube in space. 

b) Terrestrial construction and processing of a 200watt, 12GHz TWT. 

This tube will hav a collector cover which will be removed in space. 


P/L RE QUIREMENTS BASED ON; Q PRE-A.Q A,0 B,\J C/D 

<i. :iAT, >NAl.K AND ANALYSIS: 

a^ Tb purpose of this requiremen is to establish a technology base for 
operating high power microwave tubes in space. 

D; resigns, processing and fabrication must be investigated to take advantage 
of the properties of space to provide longer tube life and improved 
performance. 

cj Exposing the tube parts to take advantage of deep space as a heat sink 
and the ultimate in vacuum environment is essential to the task, 

l) The space shuttle in the sortie configuration will demonstrate the 
feasibility of the concept. 


TO BE CARRIED TO LEVEL 7 


I 


79 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(THrLE): High Power Microwave PAGE 2 OF X 

System, In Space Processing 

7 . TEC HNOLOGY OPTIONS: 

a) Use of inefficient solid state devices in the low frequency ranges. 

b) Use of larger encapsulated tubes with ion pumps. 

c) Use of two tubes consecutively used in order to achieve long life system 
operation. 


TECHNICAL PROBLEMS: 

a) Higher temperature operation of some tube parts requires new fabrication 
techniques. 

b) New processing techniques to be developed. 

c) Vacuum environment on shuttle not completely defined. 

d) Activation of cathode in 10 torr vacuum. 


V). POTENTIAL ALTERNATIVES: 

Terrestrially processed tubes with envelopes could be used, but these tubes 
would be heavier, larger, have a shorter life and poorer performance. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

A study program has been completed. A bread board model of a 23Gwatt 12GHz 
system and a 6.0kw 2.45 system is planned to begin in fiscal 76. An engineering 
model of bcth systems will follow. The flight model of both systems is p' ^nned 
for the Shuttle in the fiscal years 80-82. 


EJECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a) High temperature brazing ail y techniques. 2000® r 

b) Heat radiation techniques. 

c) Development of unique Indium seal to be opened in space. 

d) Use of rare earth magnetic materials. 

e) Develop technology for millimeter wave high power systems. 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT mTT.E^r High Power Microwave PAGE 3 OF J — 
System. In Space Processing _ _ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


79i80 


SCHEDUi E ITEM 


75 


76 


77 


78 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 
1. Brd. Expmt. D & F 

2* E. M. E^^mt. D S F 

3. FH Expmt. D S F 

4. Space Tests 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


“I 

TOTAL! 


NUMBER OF LAUNCHES 


14. REFERENCES: 


1) Final Report Contract NAS3-11536 Multistage Depressed Collector for 
Traveling Wave Tubes by Hughes Aircraft Co. 

2) Final Report NASA 3-11532: Analytic Design of Space bom-Axial Injection 

Crossed-Field Amplifiers. 

3) NASA Contract NAS 3-18932 

4) Raytheon Report-Microwave Power Transmission in the Satellite Solar Power 
Station System 

5) Final Report, contract NASA CR-2357 Feasibility Study of a Satellite 
Solar Power Station. 


} 


15. LE VE L OF STATE OF ART 

1. BASIC PHKNOMKNA OnSEKVED AND HEPOnTED, 

2. THEORY ttVItMULATED TO DESCRIBE PHENOMENA. 

3. theory tested by physical EXPERIMENT 

OR MATHEMATICAL MODEL. 

4 * PERTINENT FUNCTION OR CHARACTERISTIC DFMONSTRATED, 
E.C., MATE1(L\L, CO^’^O.^KNT, ETC, 


81 


8. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LAH0RA1X)RY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SP.KCr EN\aRONMENT. 

8. NEW CAPAIilLITY DLRm:D FROM A MUCH LESSER 

OPERATIONAL MODEL. 

8, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 
10. LIFETIME EXTENSION OF AN Ol'LRATIONAt. MODEL. 


I 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. IGI-C 

1 . TECHNOLOGY REQUIREMENT (TITLE): High Power Microwave PAGE 1 OF 3 

Systems, Low Cost Ground Receiving Systems 

2. TECHNOLOGY CATEGORY: Data Processing ?nd Transfer 

.). OBJECTIVE/ ADVANCEMENT REQUIRED: To devslog low cent groiind receiving 

systems for receivincF wideband transmissions fj~om broadcasting satellites at 
43 and 86 GHz. 

1. CURRENT STATE OF ART: Antennaj mixer, local oscillator. & detector tech- 
niq.ues and approaches exist. Low cost approaches to system design and imple- 
mentation need to be identified and developed. pjAS BEEN CARRIED TO LEVEL ^ 

5. DESt'RIPTION OF TECHNOLOGY 

Ground receiving systems perform the functions of signal picicup (antenna) 
pre -amplification low noise frequency conversion, amplification, and detection. 
With some approaches, pre-amplification and/or frequency conversion may not be 
required. Key elements to low cost receivers are the microwave diodes and 
circuits used in the mixer and local oscillator and the uncooled parametric 
amplifiers for pre -amplification. 


P/L REQUIREMENTS BA SED ON: 0PRE-A,D A,0 B.Q C/D 

(1. RATH )NAI,E AND ANALYSIS: 

Devices and circuits exist to perform the required receiver functions. Effort 
is needed to identify those approaches that have potential for low-cost 
implementation. The available techniques need to be surveyed, cost /performance 
tradeoffs are reqaired, low-cost designs need to be formulated. Without effort 
specifically directed toward low cost approaches, the design tendency is 
principally toward performance with only secondary (if any) effort directed 
toward cost objectives. A similar approach, design of low cost receivers prior 
to band use, was successful in producing row cost receivers for 2.bGHz and 
12 GHz broadcasting satellite use. 


TO BE CARRI ^^D TO LEVEL 


82 


V 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1 . TECHNOLOGY REQUIREMENT(TIT^E): High Power Microwave PAGE 2 OF ^ 

Systems, Low Cost Groiind Receiving Systems 

7. TECHNOLOGY OPTIONS: 

Low noise performance available either via low noise mixer or pre-- amplifier. 


o. TECHNICAL PROBLEMS: 

J elementing required functions at low cost, especially frequency conversion 
pre-amplification. 

i). POTENTIAL ALTERNATIVES: 

High cost receiving systems which will inhibit use of the 43 and 86GHz 
satellite broadcast bands. 

10, PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

Continuing device development, and military receiver development in nearby 
frequency bands. 

EXPECTED UNPERTURBED LE VEI , ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Solid state oscillators, mixer design techniques, low noise amplifiers, 
antenna designs. 




DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 TFCHNOl nr.Y REQUIREMENT iTITLEL High Power Microwave _ 

PAGE 3 OF J 

Systems, Low Cost Grour*d Receiving Systems. 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 



SCHEDULE ITEM 


TECHNOLOGY 
j Receiving System 
Design 

2. Fabrication & Test 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 

4. 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 




15. LEVEL OF STATE OF ART 


1, 0\S»C PHKNOMLNA OnSFnVhD AND 'IBirORThD. 

2, TIIKOHV KOKMl’LATKl) TO Dt'SCKiaK PWKNOMFNA. 

3. TKSIT.r) HY PHYSICAL KNPLHIMKNT 

OH maiulmatical modll. 

4 . PLKTLNKN T KLNCTION Oil aiAIUCTERISTIC DEMONSTRATED. 

E.C.. MATtlUAL, CO’PONKNT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARORAlORY. 
e. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODE L TE STE n I N S r.\C E E N RON M ENT. 

8. NEW CAPARIMTY DERIVED FRr>M A MUCH LESSER 

operational model. 

9. rel.’ability upgrading of an opf.rath >nal model. 

10. lifetime extension of an OI'LRATIONAL model. 



84 
















DEFINITION OF TECHNOLOGY REQUIREME. NO. I GI-D 

1. TECHNOLOGY REQUIREMENT (TITLE): High Power Microv.ave PAGE 1 OF _2 . 

Amplifier; X-Band 

2 . TECHNOLOGY CATEGORY: Data Processing and Transfer 

3. OBJECTIVE/ADVANCEMENT REOTITRED- To develop and test an X-band micro- 
wave amplifier design for dual mode TWT to support deep space conmiunications 

requirements , 

1. CURRENT STATE OF ART: TWT*s using multi-stage depressed collectors have 

been built at 12GHz which demonstrated efficiency of 50%> 

~ HAS BEEN CARRIED TO LEVEL ^ 

3. DESCRIPTION OF TECHNOLOGY 

The TWT would be a dual mode, 100/50W tapered helix amplifier augmented with 
a multi-stage depressed collector and spent beam refocusing system. The 
amplifier would operate at 8.3GHz and have an overall efficiency of 60%. 

The dual mode operation can be easily accomplished by a gun with a non- 
intercepting grid. The operation would be optimized for the higher power level 
while the power conservation at the one half mode would be largely accomplished 
by the Lewis MDC combined with spent beam refocusing system. 


P/L REQUIREMENTS BASED ON: (^PRE-A.D A,D B.Q C/D 
(>, RATIONALE AND ANALYSIS: 

Justification - The transmission of data from the near and very distant planets 
poses a requirement for the availability of TWT amplifiers with excellent 
performance in communication aspects with dUcl mode operation ability and with 
superior overall efficiency. The TWT amplifiers, with 100/50 watt dual mode 
ability is best suited to serve the needs of very distant or less distant 
transmission from planets, where the dual mode switching ability would greatly 
increase mission flexibility. While the planetary probe is in the vicinity of 
a planet; the TWT could use the higher power level for picture transmission 
at high data rates. The lower power level c uld then be used with lower data 
rates thereby making additional power available for science measurements. 


TO BE CARRIED TO LEVEL 5 


85 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE); High Power Microwave pAGE 2 OF 2_ 

A mplifier, X-Band 

7 . TEC HNOLOGY OPTIONS: 

a) Increase prime power requirements to support a lesser efficient amplifier, 
or 

b) limit data rate for picture transmission. 


a. TECHNICAL PROBLEMS: 

Design to achieve high overall efficiency and good phase and gain performance 
with a tapered helix structure. 


y. POTENTlAl, ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIX)GY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 









t 

\ 

i 87 


V- 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE): High Power Microwave PAGE 2 OF X 

Systems^ SHF Systems 

7. TECHNOLOGY OPTIONS: 

a) Ground receiver noise temperature affects satellite rf power (direct 
dB relationship) . 

b) RF amplifier and power processor efficiency affects the DC power 
requirement (solar array size) • 

c) Number of simultaneous transmitter channels affects the transmitter 
power output (approximately 6dB backoff required for 2 channels) • 


8. TECHNICAL PROBLEMS: 

a) RF losses increase with frequency 

b) Multipactor breakdown 

c) Thermal stability-small size of tuned elements 

d) Production techniques - extreme tolerances 

e) Efficiency is low - thermal problems 


9, POTENTIAL ALTERNATIVES: 

a) Power combining of several lower power sources as opposed to a single 
high power amplifier. 

b) Low spacecraft output power will increase the ground receiver cost. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


None 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUBlEMENTS: 


None 





DEFINITION OF TECHNOLOGY REQUIREMENT NO, 

1 TFCHNOT OGY REQUIREMENT (TITLE): High Power Micrpwaye _ PAGE 3 OF J — 

Systems, SHF Systems 

12. TECHNOT.OGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDUl.E ITEM 

75 

76 

r 

77 

78 

79 

8o| 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Systems Tradeoffs 

2. Component Design 

3. Thermal Design 

4. Component Tests 
5 ^ Prototype Test 

X 

X 

> 

X 

X 

X 

X 

X 

1 














APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 





x> 

XX 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



13. USAGE SCHEDULE: 




TECHNOLOGY NEED DATE 





> 










i 


1 

'OTAL 

NUMBER OF LAUNCHES 






1 

1 




1 







4 

14. REFERENCES: 

a) Applications Technoi 
final report, NAS 3-! 

b) Applicationr Techno, 
final report, NAS3- 

c) High Power Microwavi 
NASA-Lewis, Pinal r« 

15. LEVEL OF STATE 01 

1. BASIC PHKNOMKNA OBSERVLD ; 

2. THEORY ^'OU^UflATEn TO DESC 

3. THFOrn TFSTHD DY PHYSICAL 

OR mathematical model. 

4. PEHTIM'NT FUNCTION Oil CllAI 

E.C.. MATERIAL, COVPONEf 

Log^ 

L43( 

logj 

143 

Cc 

spoj 

^ AI 

LND 

R!BE 

KX»>E 

lACT 

F 

Satellite Advances Mission Study, NASA-Lewis 
50, July 1972. 

Satellite Advanced Mission Study, NASA-Lewis 
59, July 1972. 

5mponents for Space Communications Satellites, 
rt, NAS3-13727, Feb. 1972. 

s. component breadboard tested in relevant 

ENVIRONMENT IN THE LABOR RY. 

EPORTED. e, model TESTED IN AIRCRAFT . iRONMENT. 

PHENOMENA. t. MODEL TESTED IN SPACE < .HONMENT. 

RIMENT I. new CAPAniLlTY dlri\t:u from a much lesser 

operational model. 

ERISTIC demonstrated, RELlARtLlTY UPGRADING OF AN OPERATIO.SAL MODEL. 

1 C. 10. lifetime extension of an OI'LRATIONAT. model. 


89 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. - IGI-F 


1. TECHNOLOGY REQUIREMENT (TITLE); Hign Power Solid State PAGE 1 OF4_ 

Systems; UHP Band 

2 . TECHNOLOGY CATEGORY: Data Processing and Transfe r. 

3. OBJECTIVE /ADVANCEMENT REQUIRED: ■ - establish high power RF system 

technology for space broadcast applications. 

4. CURRENT STATE OF ART: IQOW. 45% e^fficiency, 30 MHz_ bandwidth. 

HAS PEEN CARRIED TO LEVEL ^ 

5. DESCMRl^TION OF TECHNOLOGY 

Solid state UHF power amplifier with associated power conditioning and output 
circuit components (filters, isolators, power combiners, switches, diplexers, 
etc.) required for direct broadcast application such as disaster warning 
satellite. RF power output - 50 500W 
Baridwidth 20 MHz 

Gain 30dB 

Critical parameters: Power output, efficiency, size, weight and long life. 


P/L REQUIREMENTS RASED ON: □ PRE-A.0 A,D B.Q C/D 

6 . RA Tl( )NA 1. E AND ANALYSIS: 

a) High RF output power required due to low cost ground receiver inside 
building (15 dB building attenuation, receiver NF) 7dB 

b) Solid state devices and circuits increase lifetime, reliability of 
transmitter an offer opportunity to minimize size ar:" w‘^ight of 
transmitter. 

c) The technology program should culminate in the testi^^ a of a brer, ^board 
model on ground tests. 


TO BE CARRIED TO LEVEL 5 


V 




DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT(TITLE): High Power Solid State pAGE 2 OF A 

Systems, UHF Band 

7. TECHNOLOGY OPTIONS: 

Critical factors in the Disaster Warning Sys" 2 m that affect the transmitter 
output power and satellite payload use: 

(a) Efficiency of the transmitter affects the DC power requirements for the 
transmitter (linear relationship) . 

(b) Noise temperature of the ground receiver affects the required power output 
of the satellite transmitter (direct relationship in dB) • 

(c) Building attenuation directly affects the required transmitter output power 
(direct relationship in dB) antenna location, outside the building desirable 

(d) Number of simultaneous signals in the transmitter affects the output power 
availcible (limited by intermodulation signal level requirements) design 
assumed to be one carrier per transmitter. (Approximately 6dB back-off 
from maximum power output is required for 2 simultaneous signals.) 

(e) Power output per transmitter affects the size and weight of the payload; 

miTnhi^r g-i >7.i> nf^_h^ payl _ 

TECHNICAL PROBLEMS: 

State of the art in solid-state transmitters is; power up to lOOW, 45% 
efficiency, 20MHz BW. In the power range of lOOW to 430W, technical problems 
are: (1) thermal problems (transistor junction :emperaturG = 125°C maximum) ; 

(2) large size and weight of the transmitter; (3; efficiency (loss of 
efficiency’ due to combining losses). 


ii. potential ALTERNATIVES: 

Cross-field amplifier car* be used for higher power outputs; development of 
amplifier is required; cathode life appears to be a limiting factor in long 
life operation (5-7 years). 

Power combining of many low power sources. The use c " an outside ciitenna would 
reduce the attenuation from the present 15dB specification, thus lowering the 
transmitter power requirement. Cost of user receiver systems would increase. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


EXPECTED UNP ERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS; 


None 






DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : High Power Solid 
State Systems, UHF Band 


NO. 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 75|?6 I TtI 78 ItbI Solsi 1 82 1 Ssl 84| 85 i^elsT IsS I 19 


TECHNOLOGY 
1. System Tradeoffs 

2. 

Transistor Selection 

3. 

Thermal Design 

4. 

Ample C3cr. Design 

5. 

Breadboard Test 

APPLICATION 
1. Design (Ph. C) 

2. 

Devi/ Fab (Ph. D) 

3. 

Operations 

4. 


13. 

USAGE SCHEDULE: 



'"EC HNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



a) Disaster Warning Satellite study, March 1971 NASA- Lewis 

b) Disaster Warning System, NASA CR-134622, Pinal report, CSC 

c) Disaster Warning Satellite Study npdate, July 1975, NASA-Lewis 


15. LEVEL OF STATE OF ART 

1. SASIC PHENOMENA OnSERVKD AND HE PORTED, 
a, TIRORV >X>UMlfLATED TO DESCRIBE PHENOMENA, 

3. THFOIU TESTED BY PHYSICAL EXPERIMENT 

OR mathematical MOOEL. 

4 . PERTINENT I UNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATERIAL. COMPONENT, ETC, 


3. COMPONENT OR BREADBOARD TESTED IN RELEVAN*^ 
ENllHOKMCNT IN THE LARORAIOBY. 

S. MODEL TESTED IN AIRCP^KT ENVIRONMENT. 

T. MOOEL TESTED IN SP.VCE ENVIRONMENT. 

I. NEW CAPAHILITY DERIVED FROM A MUCH LESI :R 
operational model. 

t. RELIABILITY UPCRADINO OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OPERATION L MODEL, 


92 














DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1. TECHNOLOGY REQUIREMENT (TITLE): High Power Solid State PAGE 4 OF i. 

Sm- ms. IMP Rand 


7. (Cont'd) 

(f) Receiver bandwidth directly affects C/N of the receiver and thus the 
rf power output and DC power input requirenients of the transmitter. 





DEFINITION OF TECHNOLOGY REQUIREMENT 



1. TECHNOLOGY REQUIREMENT (TITLE); Hi^ Power Microwave 

PAGE 1 OF ^ 


Systems, Millimeter Wave Systems 



2. TECHNOLOGY CATEGORY: Data Processing and Transfer 

3. OBJECTIVE /ADVANCEMENT REQTITREn- To establish high power rf systems 
technology for 41-43 and 84-86 (2Iz space applications. 



4. CURRENT STATE OF ART: Microwave amplifiers and passive high power rf 
components have heen developed lor tSfysSWial applications. — Approaches to — 
space systems must he identified and developed. Space power processing systems 


uccu . 

_at I IKV for GTS. 




HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

High power millimeter wave rf system performs the functions of signal selection 
amplification to output rf powers of 100-200W. Passive components provide 
power amplifiers protection, harmonic filtering, signal multiplexing, and 
selective coupling. The power processing system converts prime electrical 
power to regulated levels necessary to support the power amplifier and provides 
the interface for remote command, control, and monitoring. Key elements of 
this technology are the microwave power amplifiers and the power processing 
system. 


P/L REQUIREMENTS BASED ON: 0 PHE-A.Q A,Q B,0 C/D 


6. RATIONALE AND ANALYSIS: 

To overcome spectral crowding, the World Administrative Radio Conference 
(WARC) in 1971 adopted world -wide exclusive allocations in the 40 and 80 GHz 
frequency bands for Broadcast Satellite Service, representing the first 
exclusive allocation for this pxirpose at any frequency. Having requested and 
received allocation, it is incumbent upon us to investigate the use of these 
bands at 41-43 and 84-86 GHz, which provide 4 GHz of bandwidth as compared to 
the current 500MHz of total TV bandwidth in use today. This capability will 
permit the transmission of a wide range of data for educational programming, 
medical conferencing, law enforcement and entertainment among other civil 
applications . 


TO BE CARRIED TO LEVEL Y 


94 








DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1. TECHNOLOGY REOUIREMENTITITLEl: High Power Microwave 

PAGE 2 OF Jl 

Systems, Millimeter Wave Systems 


7. TECHNOLOGY OPTIONS: 

Use of multiple low level amplifying devices with inherent low efficiency; 

1-2 orders of magnitude below microwave amplifiers having overall efficiencies 
of Use of solid state, limited power devices resulting in extremely 

high ground systems cost. 


8 . TECHNICAL PROBLEMS: 

The utilization of the 40 and 80GHz frequency bands for space application poses 
technology problems. Thermal component stress, which is proportional to the 
5/2 power of frequency, will resvLLt in active and passive high power component 
development problems. Thermal power loading will approach 1000 V/cvr in the 
rf interaction structure. Cathode current density requirement will exceed 
lOA/cm'^. The solution to these problems at 40 GHz will require significant 

advances in rf structvire and cathode technology. Beam refocusing efforts will 
-hp, rpmilred in addition to advanc es in multis^ge depressed collector technology [ 

9 . POTENTIAL ALTERNATIVES: (contd.) 

High cost systems, with limited life and reliability, will inhibit the use of 
these bands. 


10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


EXPECTED UNPERTURBED LEVEL 


11 . RELATED TECHNOLOGY REQUIREMENTS: 


None 


95 




DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : High Power Microwave 
Systems, Millimeter Wave Systems 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


NO. 


PAGE 3 OF 4 


SCHEDUl.E ITEM 

TECHNOLOGY 

1. 

System Study 

2. 

Amplifier Dev. 

3. 

Passive rf Comp. 
Investigation 

4. 

PPS Dev. 

5. 


APPLICATION 

1. 

Design (Ph. C) 

2. 

Devl/Fab (Ph. DI 

3. 

Operations 

4. 




XX X X X X 
XXXX XX XX 

XX XXXXXXX 




■■■■■HlllHMlMliiaffl 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES; 

"A Novel Axisymmetric Electrostatic Collector for Linear Microwave Tubes", 

H. Kosmahl NASA D-6093 Feb. 1971* 

"A 240 Watt, 12 GHz Space Communication TWT with Overall and 8l^ Collector 
Efficiency", H. Kosmahl, 0. Sauseng and B. McNacy. lEEE-ED, Vol. Ed-20 Dec. 

1973. 

Mendel, J.T.; "Travelling Wave Tubes", Rroc. IEEE Vol. 6l, No. 3> March 1973 PP 

280-298. 

Henry, J.P. "Some New Results With High Power Millimeter Wave Tubes", paper 
presented at 1964 WESCON Los Angeles, Aug. 25-28. 

Okamoto, Ofedashi, et.al.; "Millimeter Wave High Power Travelling Wave Tubes". 
Toshiba Review Vol. 26, No. 4, 1974 PP* 28-32. 

15. LEVEL OF STATE OF ART «. cwuwfnt on breadboard tbsted in REtEVANT 


1. BASIC PHENOMENA OBSERVED AND .REPORTED. 

8. THEORY I'OHMIIUTED TO DESCRIBE PHENOMENA. 

8. THEORY TESTED BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E,c.. MATERIAL, COMPO.NENT, ETC, 


S. CCMPOKFMT OR BREADBOARD TESTED IN RELEVANT 

ENVIHONMENT IN THE LABORATORY, 
e. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T. MODEL TESTED IN SP.\CE ENVIRONMENT. 

I. NEW CAPAIBLITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. REUABIUTY UPGRADING OF AN OPERATIONAL MODEL, 
10. UFBTIME EXTENSION OF AN Ol'LRATTONAL MOUEL,^ 


OF 1H8 

fMftIjiliL FAGB IS POOR 




















DEFINITION OF TECHNOLOGY REQUIREMENT 

1 . TECHNOLOGY REQUIREMENT (TITLE) : High Power, Hlg 
Efficiency Transmitter 


NO. GE-5 .4 
PAGE 1 OF Jt_ 


2. TECHNOLOGY CATEGORY: 


Special Devices 


3. OBJECTIVE/ ADVANCEMENT’ REQUIRED: Obtain power output in the range of 5 C 

to 500 watts in the frequence band 620 to 790 MHz, transmitter characteristics 
to be: 45^ efficiency, 3QdB gain, 20 MHz bandwidth, mlnlmom size and weight. 

4. CURRENT STATE OF ART: lOOW, 45*!^ efficiency. ^OMHz bandwidth, single 

channel centere d a t 790 MHz. 

HAS BEEN CARRIED TO L EVEL 4_ 

5. DESCRIPTION OF TECHNOLOGY 

Direct broadcast CW operation, single channel operation such as required for 
the Disaster Warning Satellite (CK-5^A). 

Critical parameters are: power output, efficiency, size, weight, and long 

life. 


P/L REQUIREMENTS BASED O N; □ PRE-A.0 A,D B.Q C/D 

6. RATIONALE AND ANALYSIS: 

(a) Low cost ground receiver in a building (15 dB boilding attenuation); 

58.6 dlW EIRP required for a 9*0 <3B S/N ratio at the receiver; receiver 
noise temperature of 1100°K. 

(b) Benefiting payload: CN-54A, Disaster Wsirning Satellite. 

(c) Solid-state devices and circuits increase lifetime, reliability of 
transmitter and offer opportunity to minimize size and weight of 
transmitter . 

(d) The technology program should culminate in the testing of a breadboard 
model on ground tests. 


TO BE CARRIED TO LEVEL J, 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


■■ ' ■. - i - i.. I iii.i. I I 

1. TECHNOLOGY REQUIREMENTfTITLEk High Power. High PAGE 2 OF Jj; 

Efficiency Transmitter 

7. TECHNOLOGY OPTIONS: 

Critical factors in the Disaster Warning System that affect the transmitter 
output power and satellite payload use: 

(a) Efficiency of the transmitter affects the DC power requirements for the 
transmitter (linear relationship). 

(b) Noise temperature of the ground receiver affects the required power output 
of the satellite tiansmitter (direct relationship in dB). 

(c) Building attenuation directly affects the required transmitter output power 
(direct relationship in dB); antenna location outside the building 
desirable . 

(d) Number of simultaneous signals in the transmitter affects the output power 
available (limited by intermodulation signal level requirements); design 

assumed to be one carrier per transmitter. (Approximately 6 dB back-off 
from maximum power output is required for 2 simultaneous signals, (cont^d). 

8. TECHNICAL PROBLEMS: 

State of the eu*t in solid-state transmitters is: power up to lOOW, 

efficiency, 20 MHz BW. In the power range of lOOW to 430W, technical problems 
are: (l) thermal problems (transistor junction temperature = 125 °C maximum); 

(2) large size and weight of the transmitter; (3) efficiency (loss of efficiency 
due to combining losses). 


9. POTENTIAL ALTERNATIVES; 

Cross -field amplifier can be used for higher power outputs; development of 
amplifier is required; cathode life appears to be a limiting factor in long 
life operation (5-7 years). 

The use of an outside antenna would reduce the attenuation from the present 
15 dB specification, thus lowering the transmitter power requirement. Cost of 
user receiver systems would increase. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Global Positioning Satellite Program - l600 MHz transmitter being developed by 

North American Rockwell. 

OE in-house program - VHP and l600 MHz transmitters. 


EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

None 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. GE-5.4 


1. TECHNOLOGY REQUIREMENT (TITLE): High Power, High PAGE 3 OF ^ 

Efficiency Transmitter 


7- TECHNOLOGY OPTIONS: (Continued) 

(e) Power output per transmitter affects the size and weight of the payload; 
the number of transmitters affects the size and weight of the payload. 

(f) Receiver bandwidth directly affects c/N of the receiver and thus the rf 
power output and DC power input requirements of the transmitter. 






‘ ^ 










DEFINITIOi: OF TECHNOLOGY REQUIREMENT 


NO. ge-5.4 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : High Power, High 
Efficiency Transmitter . 


PAGE ^OF Jl_ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: Hig^i Power Amplifier ( 100 -430W) 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. System Tradeoffs 

2. Transistor Selection 

3. Thermal Design 

4. Ampl. Ckt. Design 

5. Breadboard Test 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


13. USAGE SCHEDULE; 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


TOTAL 


14. REFERENCES: 

(a) Telephone conversation with J. R. Reuuler, MSA Lewis. 

(b) Feasibility Study of Using Satellites for a Disaster Warning System, 
R. 3015-2-1. 


15. LEVEL OF STATE OF ART 

1. BASIC PHKNOMENA OBSERVED AND RErORTED. 

8. THEORY ^X)UMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TKSl'ED BY PHYSICAL EXPERIMENT 

OR .MATHEMATICAL MODEL. 

4 . pertinent FUNCTION or characteristic demonstrated. 

E.C.. MATERIAL, COMPONENT. ETC. 


8. COMPONENT OR BREADBOARD TESTED IN RELEVA^ 
ENVIRONMCNT IN THE LABORATORY, 
e, MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T, MODEL TESTED IS SP.ACE ENVIRONMENT. 

I. NEW CAPAmUTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

I. REUABIUTY UPORADING OF AN OPERATIONAL MODEL, 
10, UF'STIMB EXTENStaN OF AN OPLRATIOHAL MODEL, 


i 


1 -- 


<L 


100 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. GE-1 .9 

1. TECHNOLOGY REQUIREMENT (TITLE): Large Microwave PAGE 1 OF _i. 

Antenna ^ra^s 

2. TF.CHNOT.OGY CATEGORY: Collectors _ 

3. OBJECTIVE /ADVANCEMENT RF-QIITRED- Maintain the required dimensional 
accviracy of large foldable antenna aiTays In terms of flatness and phase-feed 
point dimensions. 

4. CURRENT STATE OF ART: Antenna structure can be designed and manufactured 

to the required to lerances, but maintenance of the tolerances in the extreme 
thermal conditions of space is not in the SQA. BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

The subject advancement is representative of structural requi’'ements for large 
(over 5®) foldable microwave antenna eu^rays for active and passive earth-sensing 
applications. Flatness requirements range from 1/4 to l/20 wavelength. For 
instance, the ATL printed circuit array antenna which will support simultaneous 
measurements in altimetry, scatterometry and passive radiometry will require 
surface flatness during operation of less than 0.2^ CM. During the Shuttle era, 
antenna lengths up to 30 meters long (Met. Radar Facility) are planned. They 
will be articulated or deployable, and will receive varying thermal flux contri- 
butions from the earth's albedo, the sun, and the Shuttle/Spacelab assembly. 

Foldable antenna arrays, up to 30 m. long have not been built to date. A l4 
meter long printed phase array is being designed for SEASAT. Althou^ flatness 
tolerances of 0.25 CM over a 25 meter span are well within current manufacturing 
capabilities, the maintenance of these tolerance limits under the expected space 
thermal conditions is not within the state of the etrt. 

P/L REQUIREMENTS BASED ON: Q PRE-A,0 A.Q B,D C/D 

6. RATIONALE AND ANALYSIS: 

(a) The required dimensional tolerance of antenna arrays will be based on 
operating frequencies ranging up to 100 GHz and the criteria of 1./4 to l/20 
wavelength contour accuracy. The optimum frequency upon which the design 
will be based "ill consider the required altitude and radiometric measure- 
ment accuracy and degree of weather penetration. 

(b) This technology advancement specifically supports: the Slotted Waveguide 

Antenna for Rsiyload No. ST- 22S (ATL); the Shuttle Imaging Microwave System, 
E0-05S; Multifrequency Radeur Land Imagery, 0P-02S; Multifrequency Dual 
Polarized Microwave Radiometry, 0P-03S; and the Millimeter Wave Experiment. 

(c) Ttils advancement will be instrumental in attaining altitude measureme^'ts 
with less than one meter error for averaging times of ten seconds, land and 
ocean imaging, microwave soundings of t''<e atmosphere and other earth 
observation applications. 

(d) Structural models of the antenna array should be tested In simulated 
thermal vacuum conditions. 


TO BE CARRIED TO LEVEL 


101 




y. POTENTIAL ALTERNATIVES: 


Altimetry measurements will be feasible through use of a smaller array or 
parabolic antenna, as indicated in DTR No. GE-^.U. However, the high resolution 
microwave radiomebry and imaging applications will require a large array. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a) RTOP W74-70492 Earth Observations Radai ifi/orkshop 

b) RTOP W74-70274 Structural-Thermal-Optical Program 

c) Additional technology program emphasis will be required to insure 
availability of the required antenna technology early in the Shuttle Program. 

EXPECTED UNPERTURBED LEVEL 3_ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

The development of the subject antenna technology must be done in conjunction 
with the analysis and advancements in microwuve systems for altimetry, 
scatterometry , radar imaging, and passive microwave radiometry. The advances 
in holographic microwave techniques will be relevant to the subject requirement, 
since the dimensional tolerances on the antennas will be more stringent. 


i 

'A 

} 

4 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT ^TITT.EU Large Microwave 


PAGE 3 OF 


Antenna Arrays 


12 . TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 




TECHNOLOGY 

!• l^hermal/Structural 
Anal. 

2. Material Selection 

3 ^ Range Tests of Proto- 
* type 

Space Qualification 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 


3 . Operations 


i:]. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



5 5 4 


3 4 5 4 6 5 4 53 



1. Study of Shuttle Compatible Advanced Technology Laboratory ATL. 
TM-X-2813 

2. Shuttle Imaging Microwave System (SIMS) , Perspectives and Objectives, 
by Dr. J. Waters, JPL, January 22, 1974. 


15. LEVEL OP STATE OF ART 

BASIC PHKNOMENA OBSERVED AND REPORTED, 
a. THEORY I'OHMUt.ATED TO DESCRIBE PHENOMENA. 

3. THEORY TKS'lEn BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEI.. 

4 . PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 
C,C.. MATERIAL. COVPONEN'“ '^TC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRCNMENT IN THE LAHORAIORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENNIRONMENT. 

8. HEW CAPAmiATY DLRUTD FROM A MUCH LESSER 
OPERATIONAL .MODEL. 

». REUAWLITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN Ol LRATlONAt. MODEL. 


03 


















DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1. TECHNOLOGY REQUIREMENT (TITLE); High Power Microwave PAGE ^ OF Ji 
Systems, Millimeter Wave Systems 


8. (Cont'd) to control widely divergent beams resulting from high space 
charge forces. The power processing system required to support rf power 
amplifiers in this frequency range must provide regulated output powers 
up to 800W with voltages of 25hv to 40kv. In addition, energy storage 
must be limited to preclude catastrophic failure due to an internal arc. 
This represents a significant advance in space power system technology. 






DEFINITION OF TECHNOLOGY REQUIREMENT 


IGI-J 

C-1.8 



1. TECHNOLOGY REQUIREMENT (TITLE): Y K- ffl .gP ti SS.J 
mental Techniques for Lasers; Communication Fineness And 


, PAGE I OF ^ 
Cty Of AlignmenT; 


2. TECHNOLOGY CATEGORY: Collecto ra 

3. OBJECTIVE/ ADVANCEMENT ^ Alignment of multiple mirrors of QPtl - 
cal system is desired within 0.04 arc second (nay be mitigated for optical oencn 
by choic ft of mi rrors) to minimize wavefront distortion, avoid spoiling coherence , 
and enable tracking. Tracking of gimbaled laser telescope will be good to about 


4, CURRENT STATE OF ART: Optically flat mirrors (even half silvered for beam 
splitting Jand two axis mirror mounps manually aojusiaole tij) td 0.1 arc“sec "exTBt; 
however j neither ad,) ustments for long optical trains nor, the breadboard phllosop b 

f or laser experimenta tion have been proven yet. HAS BEFN CARRIED TO LEVEL 

5, DESCRIPTION OF TECHNOLOGY Modulated laser be^ms at 10.6^ 1.06^ 0.53pn! 
are used as carriers in a laser communication system. For experimenters to have 
access to the lasers and receiving circuitry, systems of mirrors are used to route 
received and transmitted beams to an optical telescope that is used for projecting 
and receiving the signals. To avoid damage to mirrors the outgoing laser beams soce 
expanded to dis ;rlbute ‘•aser energy over a greater reflection area. All the optica 
are to be mounted in a stable structure. Some of the mirrors are fixed but manial^ 
adjustable; some are on two axis mounts driven by error signals via analog or digi- 
tal computing circuits to compensate for Space Lab or orbital vehicle motions as 
well as tracking errors. In practice, small optical mirrors cannot maintain beam 
coherence equivalent to O.Oh arc sec (Airy disc size is about 1 arc sec at wave- 
lengths shown). However, as has been demonstrated by many autocollimators, angular 
detection devices track either the centroid or preferably the edges of a reflected 
image of a small mirror which may be blurred by diffraction and aberrations with ea 
accuracy of 0.04 to 0.06 arc seconds. "Cat's Eye" type reflectors need to be re- 
searched to minimize need for sub— arcsecond alignment. 

P/L REQUIREMENTS BASED ON; 0 PRE-A.Q A,P B.Q C/D 

6, RATIONALE AND ANALYSIS: 

a. Althou^ most of the optical system components for receiving and transmitting 
the laser communication to and from a Space Shuttle Qrbiter payload are avail- 
able, logic programming and serve system techniques need to be developed to 
enable integration of components. 

b. The techniques are needed to implement CN-05-S, Laser Communication Experiment 
(MSFp version). An additional laser exper.'' ' ant proposed by GSFC with a new 
CH-XX-S number cem be mounted outside the Spacelab cabin on the pa?'*et. It is 
not accessible for manual experimentation during fll^^t. However, the optical 
beam alignment and transfer techniques may be applicable to all payloads in- 
volving optical referencing, tracking, or pointing, where very good correlatlcn 
and alignment are needed. 

c. The techniques will enable development of techniques for proper detection and 
translation of laser signals fr<xn ground to space and space to ground. A later 
QSFC experiment will apply lessons learned toward development and test of 
practical laser conmunlcatlons equipment. 

d. The technology requirement is satisfied when a similar optical system functions 
successfully In space. 


TO BE CARRIED TO LEVEL ^ 
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DEFINITION OF technology JQUIREMENT NO. C-1.8 


1 . TECHNOLOGY REQUIREMENT(TITLE): VIS-IR Optics Experimentel PAGE 2 OF 
Techniques For lasers; Communications Fineness And Stability Of Alignment; Enable 
Manual Access As Well As Automatic And Manual Ad.iustment. 

7 . TEC HNOI.OG Y OPTIONS: 

A prelimineiry review of the current state of the art indicates that the up"link 
and down-link optical transmission trains can be corrected by servoed beam de- 
flectors driven by error signals obtained from tracking detectors. However, no 
existing system for as many optical elements exist. The most critical beam de- 
flectors are those coupling the gimbal:d telescope to the internal laser and de- 
tector optics. Tracking capability will depe’- ’ largely on the accuracy and stabil 
ity of the optics train used to track the incoming laser signals. Use of a stable 
optical base and strategic layout of optical trains will reduce the number of 
servoed deflectors to a minimum. 

A major trade exists as to whether a multiple carrier laser communication experi- 
ment in breadboard (optical bench) form or the finished operational form is flown. 
Plane parallel plates in divergent or convergent optical space can provide up to 
100:1 advantage in beam angular adjustments. 


8 . TECHNICAL PROBLEMS: 

a. Optical path extends from pallet in shuttle orbiter to pressurized module and 
is subject to large deflections and distortions. 

b. Use of a number of movable mirrors in passing the beam through a multiaxis 
mount as well as the beam deflectors requires a systematic allocation of 
corrections in each axis of each deflector. 

c. Tracking pointing needs to be accompj-ished to within a fraction of a beamwidth 
(O.l arc sec for 1 arc sec beam) simultaneously with alignment of Icser signal 
optical trains; interactions may occxu. 

!). POTENTIAL ALTERNATIVES: 

a. A computer controlled alignment system using auxiliary corner reflectors or 
fiducial marks on each servoed mirror might enable balanced correction of 
errors in alignment of mirrors. 

b. A more reliable laser communicacor unit mounted on standard gimbals (instru- 
ment Pointing System) can be used in later communication experiments. It 
avoids laser beam tracking through windows and on optical bench but is not 
accessible for human manipulation. 

10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. W74-70344 (502-03-11) Optical Communication Research, GSFC, H. H. Plotkin, 

(301) 982-6171. 

b. Communication Exp. Definition, TRW Report DR-MA-04, pages 9-1 through 9-19^ 
Appendix A, 9 A-I through 9A-15 under study from MSFC (C. Quantock). 

EXPECTED UNPERTURBED LEVEL 

11 . RELATED TECHNOLOGY REQUIREMENTS: 

a. Telescope pointing to 0.1 seconds (beam adjustments to sub-arc seconds can be 
accomplished by use of plane parallel plates in divergent or convergent 
optical space to obtain a lever effect where the actual mirror angle can be 
adjusted only with a precision of several arc seconds). 

b. Tracker and alignment detector errors less than 0.1 arc seconds to minimize 
accumulative errors of several loops. 


/ 


RMODUCIBILITY of the 
ORIMNAL PAGE IS POOR 
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106 



I 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE),; VIS-IR Optics ^peri- P^GE 3 ^ 

mental Techniques For Lasers; Communication Fineness And btaoiiity Of Alignment, 




12 . TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. ftirametric Analysis 

2. Comm. Breadboard 

3. Test & Evaluation 



APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

a. Definition of Experiments and Instruments for a Communication/Navi^tion 
Research Laboratory^ Vol. Experiment Selection^ Study Report DR-MA-04,, Msy 
1972, TRW, pages 9-1 thru 9 - 19 , Appendix A pages 9A-I thru 9A-15* 

b. Summarized NASA Payload Descriptions, Sortie Payloads. Level A Data, NASA PD, 
July 1974. 

c. ft*eliminary Payload Descriptions, Volume II, Sortie Payloads, level B Data, 
NASA, July 1974. 

d. Ltr. from Robert T. Martin of Barnes Enginsering Company to H. Dcerd, 

27 Dec. 1975* 

Legend 

T = Technology | 

• = Sortie Operations 


LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OnSERVED ANU REPORTED. 

2. THEORY fOUMULATED TO DE.SCIHBF. PHENOMENA. 

S. theory Tr.STED BY PHY.-HCAL EXPERIMENT 

OR NUTHEM.\TICAL MOOEI.. 

4 . PLKTINKNT KUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C.. MATEHUL, COMPONENT, ETC. 


5. COMPONENT OR RREADROARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LAROR.41X)UY, 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

6. NEW CAPAmUTY DEBI\T:D FROM A MUCH LESSER 
OPERATIONAL MODEL. 

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LUETIME EXTENSION OF AN Ol’LRATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. IG2 

1 . TECHNOLOGY REQUIREMENT (TITLE): DCP (Data Collection PAGE 1 OF 
Platform) Collection Technology 

2 . TECHNOLOGY CATEGORY; 

:j. OBJECTIVE/ ADVANCEMENT REQUIRED: Develop continuously available syste m 
for collppti ng data from DCP*s - together with low cost DCP technology. 


4. CURRENT STATE OF ART; Perhaps several hundred DCP's work with and 

Nimbus to transmit data. 

HAS BEEN CARRIED TO LEVEL 


5 . DESC IHPTION OF TEC HNOLOGY 

Signals from DCP's are received by satellite, trf.nsmitted to ground and used to 
compute position information if needed. On ground, data is disseminated to 
users of each class of DCP. Number of DCP's may be 50>000 in future. Some 
stations to be interrogated. Others send data at random times. Data rate of 
station Djay vary from 100-100,000 m'ts per pass. Stations to be located within 
1 mile at first, then 0.1 mile. Sensitive receivers, and high EIRP/cost DCP's 
needed. Moderate downlink capacity needed. Later version cay 
have ability to transmit data directly to users (.?).- 
Principal need is to provide service continuously and reliably so 
that user community can develop confidence and increase in size. 


P/L REQUIREMENTS BASED ON: □PRE-A.Q A.Q B,D C/D 
f). UATIONALE AND ANALYSIS: 

Many disciplines, in addition to (or instead of) remotel’ served data, need data 
from in site , or in place sensors. Examples are tiltmete. 3 for earthquake pre- 
diction, timber moisture indicators for forest fire prediction, multifunction 
ocean buoys, weather balloons, hydrological stream gages, valcendogy temperature 
and seismic sensors, etc. Many of these devices must be emplaced in remote 
locations where they must operate automatically for long periods of time. These 
disciplines are becoming increasingly important as we approach the era of global 
resource/phenomenon management. Conventional communication means are wholly 
inadequate to provide timely data collection from these platforms. Consequently, 
convenient means for collecting data from such systems must be developed. 

Current systems are designed with such users essentially as an afterthought to 
be main mission and so have not been sufficient to accumulate large user groups. 
In the future there will be a need for a continuous reliable data collection 
service to help build up a user community. Many potential users are turned away 
by the short term nature of the experiments. 


TO BE CARRIED TO LEVEL 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 

1. TECHNOLOGY REQUIREMENT(TITLE): DCP Collection Technology PAGE 2 OF 


7. TECHNOLOGY OPTIONS: 

low altitude vs. synchronous gives timeliness and synoptic view but nakes 
radiolocation and low cost DCPs more difficult. 

I\iture DCP collection satellites may need to be fairly wideband but not a 
problem outside state of art. May need on-board processing at a moderate 
level to sort out signals and later may need capability to broadcast signals 
to users directly (may relay signal to a data dissemination satellite). 

Synchronous version will require interferometry to determine position of 
mobile DCP's. 

Low cost, multipurpose DCP transmitter/memory/multiplexer/long-life power 
supplies . 

8. TECHNICAL PROBLEMS: 

The only serious problem will be the development of low cost, high power DCP 
transmitters antennas. In the case of balloons, low weight, jet engine- 
ingestable. In the case of buoys, corrosion resistant. T^ese are user 
problems but will be facilitated if DCP collection satellite, designed for 
users specifically and operated reliably and continuously, is developed. 


9. POTENTIAL ALTERNATIVES: 


Current alternatives include collection of data tapes by horseback, hiking, 
snowmobiles, buoy-tender ships, etc. Such means are costly and sacrifice 
timeliness of data. 


10. PLANNED PROGRAMS OR UNPERTIDEIBED TECHNOLOGY ADVANCEMENT; 

sms/gqes 
A0B6 (?) 

Nimbus 


. ■ EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

On-board data processing, navigation/position determination, possibly wideband 
data relay, earth resources data dissemination. 






1 . 


! 


DEFINITION OF TECHNOLOGY REQUIREMENT 

1 . TEC HNOLOGY REQUIREM ENT (TITLE) : DCP Collection 
Technology 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91^ 

TECHNOLOGY 

Low cost DCP XMER 

2. Sensitive receivers 

3. Qn-board Processors 


I APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 




MAS Summer Study 
Hughes A/C Contacts 

Data Collection Platform User Dociiment (See Workshop library for doc. no.) 


LFVEL OF STATE OF ART 


1. UASIC PHGNOMKNA ODSERVKD AND RErORTED, 
a, THEORY roitMULATED TO OESCRtM: PHENOMENA, 

S. THEUUV TKSI'En BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEL. 

4 . PERTINENT EUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.O., material, COMPONENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

S. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T. MODEL TESTED IN SP.\CE ENVIRONMENT. 

e. MEW CAPAIHLITY DERIVED FROM A MUCH LESSER 
OKRATIOKAL MODEL, 

B. REUAMLITY UPGRAOINC OF AN OPERATIONAL MODEL. 
IS. UFETIME EXTEN8IO.S OF AN OrLRATION.M. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE); 


NO. 

SaaSSSSBBBOBBBB: 

PAGE 4 OF ^ 


Insltu sensors, or DCP*s (Data Collection Platforms) hold very great promise, 
particularly for augmenting remote sensing systems. Probably the best 
c'lmpendivun on the subject of DCP's is the "Satellite Data Collection User 
Requirements Workshop" (Draft Pinal Report), edited by E. Wolff, et al. at GSFC 
on May 21, 1975. 


This report outlines literally hundreds of applications for DCPs. In Agricul- 
ture they can be used to collect crop forecast data and to calibrate remote 
sensors; in Biology for censusing, population dynamics, and physiological 
monitoring; in Ecology for effluent monitoring, climate monitoring, etc; 

Geology can use them for Iceberg tracking and statxislng of inaccessible lnst|:u- 
ments; Hydrology can use them to obtain river and precipitation data for a host 
of hazard alleviation activities such as flood warning and controlsJIeteorolog 3 ( 
can use them to provide data in a form suitable for automatic weather analysis 
techniques; Oceanography can use them for surface truth to calibrate remote 
sensors, for weather forecasting and climatology reseau-ch; Search and Rescue 
can use them for locating boats, planes, campers, etc. who are lost or otherwise! 
in trouble; and Transportation can use them for monitoring the location of 
hazardous or valuable shipments, maritime position location, etc. 


Satellite Data Collection is basically a technique used to. monitor unattended 
sensory platforms via telecommunications. It should be distinguished carefully 
from remote sensing, in which the sensor is remote from the surface character- 
istics being sensed. Large numbers of platforms are characteristically used, 
possibly hundreds to thouseinds, so the cost of each platform must be kept low. 
The data rates Involved are typically not high - on the order of 100 to 1000 
bits per range-rates or doppler, navigation tones, etc. Either low earth 

(cont *d) 


111 



DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. - 

1. TECHNOLOGY REQUIREMENT mTLEl: 

PAGE 5 OF_5_ 

'V 

w- 



orbits or geostationary orbits may be used depending on the power capability 
of the stations. 

The first satellite data collection system was OPLE (Omega Position location 
Equipment) using synchronous satellites (ATS 1 or 3) in the early 60's, to 
locate and collect data from balloons, buoys, mobile vehicles, eind aircraft 
(a version was modified for search and rescue)* 

In the mid 60's the IRIfi (interrogation. Recording and Location System) used 
low orbits (Rumbus 3 and 4) to collect data from balloons, buoys, and wild- 
life beacons. EOLE was a French system based on the same principle that was 
used in the early 70' s. 

Many users have expressed an interest in direct readout of data to local user 
receivers instead of regional receiving and processing. In the future there 
will be a need for greater precision of location, higher data rate systems, 
and hlgh^ station capacities; presently the capacity Is 1-^ km accuracy and 
200 stations simultaneously in view. The most important technology development 
is undoubtedly lower cost longer lived platforms. There is much need for a 
dedicated DCP collection satellite. QSFC is planning a feasibility study for 
a dedicated low altitude Datasat to perform this function -- continuity will 
be very important. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE); Trunking Telephony PAGE 1 OF Jt_ 

Technology 

2. TECHNOLOGY CATEGORY: Data Rrocess Transfer 

3. OBJECTIVE/ ADVANCEMENT REQlIIRRn: Develop technology to permit oaximum 
-effective uti lization of limite d orbital spaces an d spectrmn In providing 

comnunlcatlon llnkfl t.n hundreds / thousands of ground stations. 

4. CURRENT STATE OF ART; Intelsat Consortium and a few Domestic Satellite 

companies are pro v iding thousands of channels to about a hundred stations. 

HAS BEEN CARRIED TO LEVEL _ 

5. DESCRIPTION OF TECHNOLOGY 

Multiple beam forming; Pencil (l°) beams to Individual stations; digital speech 
Interpolation (DSl); digital television; inter satellite laser links; instan- 
taneoxis load-assigned switching; demand assigned multiple access technique 
multibeeun antenna feeds; lens arrays; electronic phased arrays; cheap transport- 
able ground antennas; simple^ reliable on-board computing for denand -as signed 
beam switching; low current switches; efficient forward error correction; 
smaller components; highly linear broadband amplifiers. 


P/L REQUIREMENTS BASED ON; □ PRE-A,D A,0 B.Q C/D 

6. RATIONALE AND ANALYSIS: 

Trunking communication is hi^ly developed but demand is growing rapidly. 

Orbital slots and spectrum are limited. Technology is required that will permit 
p aeiflng as much ccmuaunlcatlons capacity as possible into each orbital slot with- 
in the total bandwidth permitted. The future will go to the digital link, so 
digital techniques are extremely Important. Multiple beams and multiple access 
permit efficient frequency reuse. Intersatellite links permit multiple 
satellites to be used conjointly in a frequency saving manner. Lens arrays, 
electronic arrays, multiple feeds used for instantaneous beam forming. Cheap 
ground antennas permit easy user access and flexibility in network forming. 
Forward error-correction and coding will make digital interconnection of com- 
puters and otler digital transmission uses. Highly linear amplifiers will per- 
mit re+urn to more efficient FM. DSI will permit more efficient lower cost 
voice. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 1G3 


1 . TECHNOLOGY REQUIREMENT(TITLE): TrnnMnc 
Technolo^ 

7. TECHNOLOGY OPTIONS: 


PAGE 2 OF Jt 


Arrays vs. multlfeeds 

laser vs. mllllnieter intersateliite links 
AM vs. FM modulation (given linear amplifier) 

Tradeoff on minimum supportable ground antenna 
On-board vs. on-ground beamswitching computers 
Various types of multiple access 
Use of DSI or not (peak- load voice quality) 

Many tradeoffs on cross-polarization^ multiple-interconnected satellites^ 
beam switching, and other . orbital slot utilization techniques. 

Shuttle vs. standard launch. 


8. TECHNICAL PROBLEMS: 

3 axis stabilization required for leu’ger satellites greater complexity, 
reliability problems (potentially) 

Digital transmission requires much development 
Many multiple access tradeoffs need to be explored 

As demand increased existing spectrum/orbits will become increasingly inadequate 
calling for even more sophisticated technology. 

9. POTENTIAL ALTERNATIVES: 

Ground conmunlcatlon: undersea cables; light pipes, millimeter communication; 

microwave towers; hard wires. Note that in the future in the U.S. these 
alternative means will be increasingly used for trunking between large cities 
with satellites used for "thin route" and "exotic" communication. Overseas, 
trunking will continue to use satellites. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Intelsat 5> Msirisat, planned domestic satellites will develop many of those 
technologies to some extent. Much further development will be required to meet 
the expected demand. | 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Attitude control; structures; data processing; electronic components; antenna 
design; user terminals. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 1G3 



12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
1 Multiple beams/switch: 
(pencil beams) 

2. Digital Television 

3. All Digital Systems 

4. DSI 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



15. LE VE L OF STATE OF ART 

1. ^IC PHENOME.NA ODSERVKD AND RErORTED. 

1 . THEORY roUMULATCD TO OE.SCit!BE PHENOMENA. 

S. THEORY TESTED DY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEL. 

4. PEHTLNENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C., MATERIAL. COMPONENT, ETC. 


5. COMiONFNT OR fiREAODOARD TESTED IN RELEVANT 
BNVIMONMENT IN THE LABORATORY, 
e, MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T, MODEL TESTED IN SPXCt ENVIRONMENT, 
t. NEW CAPAmLlTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t, REUABIUTY UPGRADING OF AN OPERATIONAL MODEL. 
10, UFETIME EXTENSION OF AW OITRATIONAL MODEL. 
















DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): Trunkl 

3 ^ 

And 

PAGE 4 OF 4 

Telephony Technology 

1 




■ 

■■■■■ 



Communications represent the connecting links or "gliie" holding society 
together. Satellites represent a wholly new way^ Independent of distance^ to 
perform this function. Many wholly new communication modes (such as Inter- 
national television) are now possible. Communication Is growing at rates 
typified by 4 year doubling periods - even higher for totally new services. 
Unfortunately the total spectrum is limited, as are the number of orbital 
positions. Therefore It Is critical now, and will become much more critical 
in the futm-e, to make optimal vise of frequencies and orbital positions. The 
technologies described here sure almost totally devoted to this end. 

To the extent that these technologies are developed, communications satellites 
will remain a strong competitor to the alternative ''terrestrial" technologies 
by keeping up with the demand in a cost-effective way. Another dimension of 
th.i problem represented ny these technologies is that of digital communications. 
Digital television will permit doubling the amount of TV coming through a 
transponder. By 1935 or 1990 over half of the communications in the national 
telephone network will be digital. Communications satellites must prepare for 
this flood of digital data. 







DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): Spectrum Monitoring PAGE 1 OF Jl_ 

Technology (RFI) 

2 . TECHNOLOGY CATEGORY: Data Processing and Tranafer 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Develop components, designs, and 

operational techniques for performing communication experiments (with emphasis 
on propagation experiments and spectrma monitoring). 

4. CURRENT STATE OF ART: Some laser experiments on manned missions] POD 

has ’’et.tnt’* and "FERRET" capability In space; MSA and FCC monitoring on grotind. 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

Large^ multlbeamj wideband (or channelized) array or other antenna arrangment 
for scanning at least U.S.Z.I. from orbit to map usage of spectrum by ground 
stations, microwave towers, satellites, mobile transmitters and base stations, 
etc.. Array will be deployable. Synchronous orbit over U.S.. Very sensitive 
receivers and cool front ends. Relay capability to ground (hi^ data rate) or 
to manned orbital communications laboratory in low earth orbit. Should be 
able to scan frequencies up to at least 10 GHo in no greater than 100 windows 
and locate signal sources down to 5 ^ earth at 5-band (corresponding de- 
crease at lower frequencies). 


P/L REQUIREMENTS BASED ON; Q PRE-A.Q A,Q B.Q C/D 
fi . R A TI< )N AL E A ND ANALYSIS: 

Usage of the spectrum is already extensive (millions of transmitters in 
U.S.Z.I.) and growing at up to 20^ per year. The spectrum, althoijgh 
theoretically \mlimlted, is limited above by component tolerances, power levels 
available, propagation losses, rainfall attenuation, etc.. Hierefore there is 
a need for breakthroughs in the management of this precious public resource. 

To manage such a finite, but instantaneously renewable, resource will require 
dynamic and comprehensive surveillance of spectrum usage at emy given time. 

This is currently done on a limited scale using signal monitoring vans; s 
synoptic view will require satellite monitoring techniques > The requirement 
for large antennaes derives from need to locate radio sources fairly accurately. 
High sensitlvlty/low noise derives from desire to pick faintest possible 
signals. It is recognized that very faint signals will be beyond the limits 
of the system due to high space losses. System may be Invaluable in resolving 
space-to-ground and ground -to- space interference problems. 


TO BE CARRIED TO LEVEL 
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DEFDvITlON OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT(TITLE); Spectrum Monitoring PAGE 2 OF Jt 

Technology , ■ - 

7 TECHNOLOGY OPTIONS: 

Lo-' ’•ttude vlth reduced coverage and ftic' - • signals picked up vs. synchronous 
Leu ... cu'rays vs. synthetic aperture and ]/,•• :t. 'sing techniques 
Us 2 33 ftee flyer with manned orbital lab . as a manned experiment 
Cryoi?etic fiont end 

On-board storage with period readout t •• . 'i-jd lab vs. relay link vs. on-board 
procersing and transmit results 


8. TECHNICAL PROBLEMS; 

There will be a need for continuing development of lower temperature, more 
sensitive receivers and better arrays to reach ever weaker signals. Tradeoff 
stijdles will be needed to confirm concept and verify that signal coverage will 
be adequate. May be problems with high data rate readout or on-board processor. 
A serious problem will be finding room on the spacecraft for the wide variety 
and large number of antennas, interferometer, and instruments on the earth side 
of a vehicle. 


9. POTENTIAL ALTERNATIVES; 

Alternatives would Include (l) not monitoring the spectrum and taking the 
consequences of lack of management (already becoming evident) or (2) using 
large numbers of aircraft and monitoring vans equipped with sensitive receiving 
equipment (which will never provide a synoptic map). 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

Nothing is planned for the U.S. in this area in the civilian sector. The DQD 
will probably be continuing its ground, aircraft, and spacecraft -based collection 
of electronic data over foreign countries. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Altitude control, structures, station keeping, possibly electric propulsion 
(for attaining synchronous orbit), on-board data processing. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. IGi^ 

1 . TECHNOLOGY REQUIREMENT (TITLEl: Spectrum Monit^rini 
Technology 

j PAGE 3 OF Ji_ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 . Antenna 

2. Receivers 

3. On-board Processor 

4. Relay 

5. 


I lyy KjiiU i»9 Isla Ksly liSu 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


i;5. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 




15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVtD AND REPORTED. 

S. THEORY KOUMltLATED TO DESCRinr PHENOMENA. 

3, THEORY TESTED DY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEl.. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 

E.O.. MATEHUL, COMPONENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
2NY1HONMENT IN THE LAR0RA1X>RY. 

I. MODEL TESTED IN AIRCRAFT ENVIRONMENT, 

?. MODEL TESTED IN SR\CE ENVIRONMENT. 

I. NEW CAPAHtLlTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. REUABILITY UPGRADING OF AN UPERATK >NAL MODEL, 
to. UFETIME EXTENSION OF AN Ol'LRATIONAL MODEL. 
















120 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. -2A1 

1 . TECHNOLOGY REQUIREMENT (TITLE) : Coordination Of MASA PAGE 1 OF 3 

Research And Development In Computer And Information Sciences 

2. TECHNOLOGY CATEGORY: Software 

3 . OBJEC TIVE / ADVANCEMENT REQTTTRKDr Develop knowledge and approaches that 
vlll lead to a significant (10:1) reduction In agency costs for Information 
management (per Inforniatlon unlt^ per function) by 1985 • 


4. CURRENT STATE OF ART: Total NASA expenditures for automated data 

processing are rising < Much effort within the agency Is devoted to Increasing 

decr^sing costs, out iz is has BEEN CARRIED TO LEVEL JA 


5. DESCRIPTION OF TECHNOLOGY 


33ie technology addressed In this requirement Is the cocordlnated planning and 
review of agency-wide activities devoted to the developm^t of computer re- 
sources and to their application. Included within their scope are: 

a) Software generation emd human-machine Interaction: The means by 

which computer-based tools are developed and applied. 

b) Software management: The means by which the development of 

software Is planned. Its cost estimated and measinred, and Its 
production controlled. 

c) Functional algorithms: !Ihe software tools that perform information 

processing tasl:s In response to human Intentions and requirements. 


P/L REQUIREMENTS BASED ON; □ PRE-A ,P A.Q B.Q C/D 

6. RATIONALE AND ANALYSIS: 

As MSA undertakes more difficult missions, Increasing reliance Is being placed 
on computers to handle the steadily rising Information-management requirements. 
Expenditures for the procurement of data processing equipment and for software 
grow yeeur by year and absorb an increasing share of the total MSA budget. All 
centers are engaged In a variety of computer-related activities - payroll 
accounting, fU^t software developnent. Information and computer science re- 
search, algorithm design, and others. There Is concern throughout the agency 
for lowering software costs, reducing duplication of effort, and sharing 
expertise and experience, but there Is no single office with responsibility for 
directing and coordinating the results of such efforts for the agency as a whole. 
Such an office should be created to bring about the following objectives: l) 

Review all agency computer related tasks and activities; 2) Maintain records of 
ADRE expenditures and related efforts; 3) Seewe the development of a coordi- 
nated plan for research as develo^mient In computer and Information science In 
fields of importance to future MSA goals; 4) promote the lowering of cost 
through selective standardization, sharing of facilities, software, and expertise 
and research. The savings In computer related costs should more than pay the 
expenses of such an office. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 2A1 

1 . TECHNOLOGY REQUIREMENTITITLE^: Coordination Of MSA PAGE 2 OF 3 
Research And Development In Computer And Information Science 



8. TECHNICAL PROBLEMS: 

Creating the appropriate management structure. 


9. POTENTIAL ALTERNATIVES: 

Postpone action until 0MB initiative precipitates such steps or are proposed 
here. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 
Coordination of data management efforts within OA by MSFC. 

EXPECTED UNPERTURBED LEVEL M 

11. RELATED TECHNOLOGY REQUIREMENTS: 

NASA Network for Computer Facility and Software Sharing 
Software Management 

Softw6u:e generation and human-machine interaction 
Functional algorithm development 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 2A1 


1. TECHNOLOGY REQUIREMENT mTT.E^- Coordination Of NASA PAGE 3 OF 
Research And Development In Computer And Information Sciences 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 Study NASA computer 
' efforts 

2 Examine organ! za- 

^ * ticnal alternatives 
_ Decision on implemen- 

3. tation 

4 . Riased Changes 

5 . Change Complete 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph, D) 

3. Operations 

4. 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


13. USAGE SCHEDULE; 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


NA 


TOTAL 


14. REFERENCES: 
Outlook for Space 


15. LEVEL OF STATE OF ART 


1. BASIC PHENOME.SA OBSERVKD AND RETORTED, 

2. TIIECHY FXDUMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR NWTIIEMATICAL MODEL, 

4 . PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C.. MATEKUL. COMPO.NENT, ETC. 


8 . COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARORAIORY. 

8. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESIED IN SPACE ENVIRONMENT, 

8. NEW CAPAHILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

8. RELIABILITY UPGRADING OF AN OPERATIt>NAL MODEL. 
10. LIFETIME EXTENSION OF AN OI LRATIONAT. MODEL, 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 TECHNOLOGY REQUIREMENT (Ti TTE); Software Generation PAGE 1 OF 1. 


Apd H'lifpa n-Machlne Interaction 

2. TECHNOLOGY CATEGORY: 


Software 



3. OBJECTIVE/ ADVANCEMENT RKQIITRKnr De^relop methods for programming 
and utilization of computers that will contribute to reducing overall ^laSA 

software costs (per Unit of output per activity) by a factor of 10 by 1985* 


4. CURRENT STATE OF ART: 
facilitate hiunan-machlne interaction exist, iiie pro 






and use of compuuo:' 


HAS BEEN CARRIED TO LEVEL 


5 . DESC HI PTION OF TEC HN01,0G V 

Two highly related but separable functions etre IncJuded in this requirement: 

a) Softwco-e Generation ; Techniques for designing and developing computer 
programs, testing than, ver lining their correctness, and maintaining 
them. Contributing disciplines include hlgher>order languages, auto- 
mated programming and program verification, ojjeratlojg systems, 
compilers and assemblers, data system eurchltecture, structwed pro- 
gramming, and others. 

b) Human-Machine Interaction; Techniques for Interfacing human beings 


and machines in a congenial and comfortable way so that they can co- 
operate to do work. Contributing disciplines include human factors 
engineering, time-sharing systems. Interpretive compilers, display, 
natural language understanding emd generation, interactive systems, 
and others. 

P/L REQUIREMENTS BASED ON: Q PRE-A.Q A,0 B.Q C/D 


6 . R A TION A L E AND ANALYSIS: 

Two major obstacles Impede the transfer of human Information processing 
functions (from scanting and computation to language translation) to computers. 

One is the conversion of information requirements into sets of Instructions that 
can be executed by the machine; that is, programming. The other is the process 
of interactions between humans and machines that leads to a desired processing 
result (which may be a program stored in the machine). Both obstacles reflect 
the facts that information processing is, by and large, a complex and little 
understood activity of human thought, and that the capabilities of present 
machines are limited. Thus in the cooperation of humans and machines to do work 
the major burden falls on the humans. Since computers 6u*e fast and their cost ii 
falling, the cost of using machines is predominantly the cost of human labor to 
prepare or instruct them. To lower these costs means moving more responsibility 
to machines, thereby Increasixig the productivity of the humEui position of the 
effort . 

A broad attack is being meule throughout the world, especially in the U.S., on 
the problems described above. Much work is done within NASA. It is not done, 
however, as the result of a philosophy and plan of attack developed by the agency 
as a whole. Among the Issues that merit careful and thorou^ consideration Ity 
knowledgeable software experts within NASA are these: 

(continued on page la) TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 2A2 


1. TECHNOLOGY REQUIREMENT Software Generation PAGElaOFjL. 

And Human-Machine Interaction 


a) In what fields can success in research and development efforts 
yield the greatest benefits to the agency? 

b) In what fields does NASA have the talent or expertise to make 
a significant contribution to the solution of basic problems? 

c) What should be the size of NASA's efforts devoted to the reduction 
of software costs in relation to total software expenditures? 

d) Are there advantages to be gained by combining and coordinating 
related research and development efforts at different centers? 

e) Are there fields in which NASA should initiate work (in-house or 
elsewhere) because of the potential cost reduction benefits? 

f ) Are the results of successful reseeirch and development efforts 
properly documented and disseminated within the agency? 

A comprehensive approach that addresses these questions can do much to Insure 
that existing efforts are mutually supporting and productive, that the addition 
(or deletion) of efforts is based on a sound rationale, and that the size of 
the total program is in proportion to the size and value of the restilts sought. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TEC HNOLOGY REQUIREMENT(TITLE) : , 
And Human-Machine Interaction 


PAGE 2 OF 


7. TECHNOLOGY OPTIONS: 

a) The content of present agency programs related to this requirement 
should be carefully reviewed and a plan prepared for Integrating them. 

b) Studies should be conducted of the status of work In a number of areas, 
and assessments made of the potential benefits of conducting such work 
within NASA or applying existing knowledge. Among such eireas, these 
are suggested: 

l) structured programming; 2) automated programming and program 
verification; 3) microprogramming (for hardware emulation); k) display 
techniques; 5) human factors in information transfer; 6) natural 
language understanding and generation; 7) speech synthesis; 8) inter- 
active systems. 


TECHNICAL PROBLEMS; 

a) Developing a comprehensive perspective on he variety of work conducted 
within NASA that relates to the requirement 

b) Creating a coordinated program that provides existing tasks with 
cohesiveness and direction without stifling imaginative creative 
efforts by individuals presently working within NASA 


9. POTENTIAL ALTERNATIVES: 


Allowing existing offices to fashion programs for software reseeirch and 
development that meet their own needs. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

OAST has successfully coordinated microelectronics development at LaRC, 
MSFC, and JPL into a "Predictable Long-life Components" program. 


EXPECTED UNPERTUR BED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

NASA Network for Computer Facility and Software Sharing 
Coordination of NASA Research and Development in Computer and Information 
Sciences 

Software Management 
Functional Algorithm Development 




DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Software Genei 
And Human-Machine Interaction 


12, TECHNOLOGY REQUIREMENTS SCHEDULE; 


NO. 2A2 


PAGE 3 OF ^ 


SCHEDULE ITEM 


TECHNOLOGY 

1 Survey agency R & Dir 

* relevant areas 

2 Study and consulta- 

* tion; Software work- 
shops 

d. Program Planning 

A Phased Program 

* Shaping 

c Balanced, Goal- 
Oriented Program 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


CALENDAR YEAR 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

A Forecast of Space Technology, Outlook for Space, Management of Informat±>n 


LEVEL OF STATE OF ART 

1. BASIC miENOMENA OOSERVEO AND RErORTED, 

S, THTORY >X>UMULATED TO DESCRIBE PHENOMENA. 

S. THEORY TESTED BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEL. 

4 . PEKTDiENT FUNCTION OR CIURACTBRlSTtC DEMONSTRATED, 
E.C., MATERIAL, CCMPO.SENT, ETC, 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

S. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7 . MODEL TESTED IN SPACE ENVIRONMENT. 

S. NEW CAPAmUTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

S, RELIABILITY UPGRAOINC OF AN OPERATIONAL MODEL. 
10. UFETME EXTENSION OF AN Ol'ERATION.M. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


TECHNOLOGY REQUIREMENT (TITLE) 


. Software Management PAGE 1 OF JL 


2 . TECHNOLOGY CATEGORY; Software__ 

3. 0 BJB:CTIVE/ ADVANCEMENT REQUIRED; Rfifluce the COSt Ot 
eneration (per unit produced per activity) by a fac tor of 10 b jLj: 


4. CURRENT ^ probably more than two hundred million 

Hollars veariv on software production; there is howeyer no ap;ency-wide effort, to 
'r.:: IL emcienc of proce.;. HAS BEEN CARIUEP TO IXVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 

Software management as discussed here includes all activities 
organization, planning, scheduling, estimating of costs, and . 

software production efforts. Software production is here consid^ed to 
the processes of design, coding, testing and verification, modification and 
maintenance, and documentation. 


P/L REQUIREMENTS BASED ON; □ PRE-A.P A.D B,D C/D 

6. RATIONALE AND ANALYSIS: 

Despite the fact that software production accounts for a major ann^ 

’'V NASA there appears to be no central office within the agency chared 1 
^ T^r>nQ^h^^^tv for accounting for these expenditures and promoting efforts 
rra^ Sim Because of the dlveralty 
a^lifatlon^most software produced by the agency, its 

a aSSal expense that is to be charged to the program or project that 
rtHM + B ^t As a result it is difficult to retrieve information about the 

aluv^ S a S “r of 10, lidloatlng that efforts to reduce such expenditures 

would yield laxge dividends. 

(Continued on Page la) 


TO BE CARMED TO LEVEL 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT /TITLED. Software tfenagement PAGElaOFji_ 


6. Bationale and Analysis (Continued ft*om Bage l) 

In addition to obtaining information about software costs, other efforts are 
needed to secure their reduction. Standardization of software tools as 
management approaches may be desirable for certain classes of software pro- 
duction efforts (not all) and should be promoted. Efforts to reduce duplica- 
tion of effort and to increase the sharing of software and hardware facilities 
and expertise shoxild be encouraged and supported. Information about advances 
made by one part of the agency should be widely disseminated. Research and 
development likely to lead to reduced software costs should be Identified and 
its support solicited. 

Such steps as eire described here are essential in moving toward lower softwere 
costs. Without them, advances made throu^ other efforts — for example, 
through reseeurch in information science — are not likely to be efficacious. 
Understanding what is being done is a necessary prelude to making significant 
improvements . 




NO. 2A3 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT(TITLE) : Software Management PAGE 2 OF 


7. TECHNOLOGY OPTIONS: 

The following approaches should be examined: 

a) Establishing an informative and useful, management information system for the 
agency-wide distribution of software-related costs and efforts; b) Modeling the 
software production process to establish useful work-breakdown structures and 
cost estimation ratios; c) Standardizing selected hardwetre and software facili- 
ties; d) Setting requirements relating to software commandabllity, transport- 
ability, and documentation; e) Promoting the sharing of software and hardware 
facilities and expertise among the centers; f) Establishing guidelines coArerlng 
configuration control, quality assurance, reliability, and maintenance; 
g) Identifying research and development efforts with high potential benefits for 
software production; h) Studying successful management techniques tested 
elsewhere . 


8. TECHNICAL PROBLEMS: 

Making the management adjustments necessary to bring about such changes in 
approach as are recommended here. 


9. POTENTIAL ALTERNATIVES: 

Watching total software expenditiires rise by a factor of 10 or more over the 
next ten years. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


Coordination of data management efforts within OA.. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

NASA network for computer facility and software sharing 
Software Generation and Human-Machine Interaction 
Functional Algorithm Development 

Coordination of NASA Research and Developnent in Computer and Information Science 








DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 2A3 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : _ 



PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
2 Study Management 
* approaches for swc. 

2 Establish n»nagement 
information system(MII 

3. Implement MIS 

4 ^ Organizational 
changes complete 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 



3. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES; 




Outlook for Space 

Boehm, Barry W., "Sofcware and its Impact: A Quantitative Assessment," 

Datamation Iq, 48-59> (Msiy 1973 )• 

Ifosy, Dan W., "Air Force Connand and Control Information Processing in the 
1980 ' 8 ; Ti'ends in Software Technology," Rand Report No. R-1012-IR (June 197^)* 


15. LEVEL OF STATE OF ART 

1. MSIC PHENOMENA OBSERVED AND RErORTED. 
a, THEORY JX>IWULATED TO DESCRIBE PHENOMENA. 

3. THEORY TEin'Kn BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATE 

E,C., MATEUIAL, COMPONENT, ETC. 


3. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE CNVIRONMENt. 

I. NEW CAPAHILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t, REUABIL1TY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OrLRATlONAt. MODEL. 












I 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): Automation Of Ground PAGE 1 OF 
Support Functions 


2. TECHNOLOGY CATEGORY: Software 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Reduce the cost of mission-related 
earth-based operations 50^ as a contribution toward lowering the life-cycle 


costs of Missions 50?^ by 1985* 


4. CURRENT STATE OF ART: The organization of mission operations and the 


tasks 


from niission to mission. Computers are used extensive 


5 . DESC RIl’TION OF TEC HNOLOGY 

The ground operations covered include, bu+ are not limited to, mission planning, 
sequence design and command generation, ti lining of operations personnel, flight 
equipment checkout, simulation, and status monitoring. 


P/L REQUIREMENTS BASED ON: □ PRE-A,Q A,Q B.Q C/D 


6. RATIONALE AND ANALYSIS: 

Presently, many ground-support tasks make inefficient use of human beings. As 
missions grow longer in duration and more complex in their objectives, and as 
the coot of human labor goes up, the increasing costs of ground support make it 
desirable to examine whether or not some of the tanks presently performed by 
people could be automated by making \ise of already existing computer software 
facilities and techniques. Alternatively, such methods might be used to extend 
the responsibilities of those humans who are involved in mission operations, or 
to Increase the value of their efforts. It might also be possible in the course 
of this effort to Identify functions that could be perfo?*usd on the spacecraft 
or satellite, relieving or reducing ground responsibilities while delivering an 
overall cost benefit. Computers are presently used extensively in ail aspectr 
of a mission. The intent of this requirement is to take advantage of the 
Increasing power of computer systems and bring more activities within their 
scope. 


TO BE CARRIED TO LEVEL 2 


OF THE 
TAGS IS ?OOH 







DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT(TITLE) : Automation Of Qround 


PAGE 2 OF 


7. TECHNOLOGY OPTIOJTS: 

1) Rely on human effort entirely 

2 ) Automate 

3) Automate partially, using computer resources to 
enhance and extend hiuoan effort 

4) Transfer more responsibility for the present 
ground support function to the flight system 


8. TECHNICAL PROBLEMS: 

1} Determining those functions for which automation 
is feasible 

2) Achieving an efficient and inexpensive software 

implementation that has application beyond one mission 


9. POTENTIAL ALTERNATIVES. 

1) Continue the present approaches and accept the 
Increasing costs 

2) Decrease mission operations staffing and accept 
increased rlsji 


10. PLANl'ED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

Although automation of mission control functions Is often discussed informally 
as &n objective worth studying, no systematic efforts to determine Its feasibility 
are Imown. 


EXPECTED UNPERTURBED LEVEL 1 


11. RELATED TECHNOLOGY REQUIREMENTS: 
Software cost reduction 


/ 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 2A4 


1 . TECHNOLOGY REQUIREMENT ITITl.EI: Automdbion Of Ground PAGE 3 OF 
Support Functions 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1 Study of Ground 
• Functions 

2 Feasibility assess- 
ment planning 

o Program Implementa- 
tion 

4 Demonstration on a 
’ Shuttle Payload 


75|76|77|78 79 80 81 82 83 84 85 86 87 88 89 90 91 


APPLICATION 
1. Design (Ph. C) 

I 2. Devl/Fab (Ph. D) 

j 3 . Operations 


13 . USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 

14. REFERENCES: 


15. LEVEL OF STATE OF ART 


1. BASIC PHENOMENA OBSERVKD AND HE PORTED. 

2. THEORY roUMDlATED TO DE.SCKIBE PHENOMENA. 

3. rrfEORV TESTED BY PHYSICAL EXPERIMENT 

OR mathematical model. 

4 . PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C., MATEULVL, COMPONENT, ETC, 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY, 

6. MODEL TESTED IS AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8. NEW CAPAmUTY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

», BELIARLITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OI'LRATIONAT. MODEL. 


134 




1 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT (TITLE): Networking For NASA PAGE 1 OF ^ 




. TECHNOLOGY CATEGORY: Software 

I. OBJECTIVE/ ADVANCEMENT REQIIIREDr Contribute to 10 ;1 reduction of 


software costs by 1985 by decreasing software duplication and promotin 
resource shaiin 


I. CURRENT STATE OF ART: A netwoi-k developed by ARPA is operational and 






undergoing use and evaluation by a large comraunit^ 


development or are jj^S BEEN CARRIED TO LEVEL _5 


5. DESCRIPTION OF TECHNOLOGY 

In a computer network, selected time-shared computer systems at widely sepeirated 
locations ("hosts") are linked together through standard interface processors 
ajQd leased high-rate telephone lines. A set of communication "protocols" 
established and controlled by the network governs the formatting and transfer of 
information from one site to another. Through terminals connected to local 
interface units or to message relay centers on the net, users are able to access 
files and programs maintained at the host sites and to develop their own files 
and programs on the host computer. 


P/L REQUIREMENTS BASED ON; □ PRE-A.Q A,D B.Q C/D 

«. RATIONALE AND ANALYSIS: 

In an agency as large as NASA, with its many separate offices, centers, con- 
tractors, missions, and responsibilities, it is inevitable that there will be a 
disparity in the computing resources — hardware and software — provided. This 
diversity has its benefits, but it becomes a disadvantage and an obstacle to 
efficient performance when several centers must combine efforts to reach a common 
goal or to support a common mission. To transfer software developed at one site 
for use at another may require translating it from one language to another, or at 
least adapting it to the conventions of the local operating system, processes 
that are usually expensive and time-consuming. The necessity fcr such conversion 
would be reduced if the centers could share designated software and computing 
facilities. For programs with broad NASA impact and involvement- -for example, 
those involving the STS, the benefits would be large. Users could access simu- 
ations to determine how their data were to be accessed and delivered to them; 
centers with payload responsibilities could ascertain payload compatibility with 
shuttle operations over the net. 

In time, the use of such a network should reduce the total agency software cost 
and facilitate the sharing of general purpose softweire resources. Such sharing 
could also reduce the computer overload at flight centers during critical mission 
operations by enabling the jobs of general users to be transferred to compatible 
machines at ether installations. ■ 

TO BE CARRIED TO LEVEL 7 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREMENT(TITLE) : Networking NASA 
Facility And Software Sharing 


7. TECHNOLOGY OPTIONS: 


PAGE 2 OF 2- 


1) Establish a NASA netwca*k 

2) Gain user priveleges on an existing Governineut network 

3) Lease a commercial network 

k) Standardize computing facilities to facilitate software transfer 


8. TECHNICAL PROBLEMS: 

1) Adapting existing network technology to NASA requirements 
and constraints 

2) Establishing a management structure that preserves center capabiDities 
while enabling adequate and timely service to be provided to other users 

3) Establishing an equitable cost allocation amongst the users 


9. POTENTIAL ALTERNATIVES: 

1) Continue the present sep8u:atlon of responsibilities and resources 

2) Provide for partial sharing of resources for selected programs 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 
Not known 


EXPECTED UNPERTURBED LEVEL M 


11. RELATED TECHNOLOGY REQUIREMENTS; 


Better coordination of center data management activities 


I 

I 

t 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 2A5 


1. 'TFr'HMnT nr.v RFi:^TTTPFMFNT mTT.E). Networking For NASA 
Computer Facility And Software Sharing 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 
j Select networking 

* approach 

2 Establish center role^ 

* and management 
„ structure 

3. Procure interface 
hardware ^ ^ , 

4 ^ Use network on trial 
basis 

c Place network j.n full 
operation 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


TECHNOLOGY NEED DATE 

■ 

■ 

I 

■ 

■ 

■ 

■ 

■ 

1 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

NUMBER OF LAUNCHES 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


’“1 

TOTAL! 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY roUMULATED TO DESCRIBE PlIEKOMENA. 

3. THFOnV TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATERIAL, COMPONENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

«. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

I. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. REUABILITY UPGRADING OF AN OPERATIONAL MODEL. 
U. UFETIME EXTENSION OF AN OFERATIONAL MODFIL. 









DEFINITION OF TECHNOLOGY REQUIREMENT NO. 2B2 

1. TECHNOLOGY REQUIREMENT (TITLE): Standard Electronic PAGE 1 OF 

Modules For Space Vehicle Bayloads And Ground Support Egtilpment 

2. TECHNOLOGY CATEGORY: Systems 

3. OBJECTIVE/ ADVANCEMENT REOIITRED: SlKnlficant reduction of electronic 
eqiilpment development, acquisition, modification, and maintenance costs through 

the disciplines of standard modular construction. At least 3-to-l life-cycle 

f»ng-h i r . pypftctftfl . 

4. CURRENT STATE OF ART: Riect.rnnig equipment is currently fabricated from 

parts vlt hout discipline of form^ flt^ and function and is therefore extremely 
expensive to develop, acquire, and own. HAS BEEN CARRIED TO LEVEL 5 


5. DESCRIPTION OF TECHNOLOGY 

The U. S. Navy Standard Hardware Program for submarines and surface ships, the 
U. S. Air Force program on Standeird Electronic Modules and Standeird Avionic 
Modules for ground and airborne applications, industrial (Bell ^stem, IBM) 
and consumer (TV) electronics activities are examples of related progress and 
endorsement. These programs are showing marked potential for major cost re- 
duction. In order to garner these benefits for NASA, one must start with 
system partitioning and commonality analysis to determine the proper size and 
complexity of functions. Modules are then fabricated and qmlified, and finally 
equipments are fabricated for demonstration. A management control and 
monitoring function must be added for operational Implementation in order to 
gain the potential benefits. The technologj’ problem is relatively simple and 
inexpensive to solve; the management problems are very demanding. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A,Q B,D C/D 
«. RATIONALE AND ANALYSIS: 

a) The electronics for a future vehicle such as a Shuttle follow-on, the pay- 
loads for all Shuttle flights, and the groimd support of the flights can all 
benefit from this technology advance. Proper design has resulted in 15 
minute mean-time-to-repair with semi-skilled personnel (Navy); 2-to-l re- 
duction in development cost and operation transition (Navy and Air Force); 
3-to-l cost reduction in maintenance (Navy sonar). More digitalization, use 
of microprocessors, module development and improvement, and mass production 
should further improve these ratios. 

b) All vehicles, payloads, and ground support should benefit from this 
development . 

c) Development time for equipment is shortened, reliability (repairability) is 
significantly enhanced, and parts control problems are eased (by perhaps 
10 : 1 ). 

d) Level 4 must be done by NASA for planning. Level 5 by NASA to prove poten- 
tial, Level 6 by the Air Force, Level 7 by NASA for vehicle and payload. 
Level 8 by NASA as demonstration and proof validation. 


TO BE CARRIED TO LEVEL 8 


138 


HfiPRQDUCIBILITY OF THE 
ORKMNAL PAGE 18 POOR 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 2E2 


1. TECHNOLOGY REQUlREMENTITITLEn: Standard Electronic PAGE 2 OF 

For Space Vehicle fttvloads And gmunil SuPPCCt EQUlHBgBt n- — 

7. TECHNOLOGY OPTIONS: 

A spectrum of difficulty exists from ground equipment to mission support to 
payloads to space vehicles. The payloads and vehicles will require space quali- 
fication. The other areas can utilize technology and standards generated by 
DOD. Hcrrever, considerable study and analysis is required to determine the 
proper utilization of the standards. Another spectrum of technology is involved 
in defining the complexity of modules and the development level of device 
technology. (See the Technology Requirement "Moduilar Architecture.") Correctly 
partitioned, modules can survive several eras of device technology changes aind 
still retain a single functional description. 


8. TECHNICAL PROBLEMS: 

a) User acceptance . Many engineers and companies like to express their egos 
and gain profits through reinvention and minor changes. They tend to resist 
any standa."dization efforts. Therefore it will be important to hold only to 
form, fit, and function standards, not to technology. 

b) Selection of the proper size, complexity, and pinout of the modules. 

c) Maintenance « Generating a maintenance concept and standsird BITE or fault 
location technique . 

POTENTIAL ALTERNATIVES: 

To make significant reductions of life -cycle costs for electronic systems, 

MSA appeeirs to have few alternatives open other than minor variations on the 

module concept. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Navy and Air Force programs plan to make this technology available in advanced 
form for use in hl^ performance aircraft. SAMSO is developing GPS receivers at 
Texas Instruments using similar standard modules. NASA has no known programs to 
utilize this developing technology or perturb it to meet its needs. 

EXPECTED UNPERTURBED LEVEL £_ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

For optimum utilization of the potential of SEM's it is necesseury that consider- 
able attention be paid to: l) modular system architecture; 2) modular software; 

3) thermal design; 4) maintenance concepts; 5) system partitioning for fault 
isolation and built-in test. 







DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 2B2 


1 TRr.HNOT.OGY REOTIIREM ENT (TITLE): standard Electronic PAGE 3 OF 

Modules For Snace Vehicle Bayloads And vlround Support Equipment 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 

m 

B3 

HR 

m 


g3l 

1 

ilfl 

M 

m\ 



SI 

■STn 



SI 

■i 

■ 

TECHNOLOGY 
1 Analysis and System 
Partitioning 

2 , Module Definition and 
Fabrication 
» Ground Equipment 

* Demonstration 

4. Bayload Demonstration 

e Management Procedures 

* Development 

1 

1 

1 

1 

1 

1 


1 

1 


1 

1 


1 

1 

1 

1 

1 

1 



H 

— 




- 









APPUCATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 




















13. USAGE SCHEDULE: | 

TECHNOLOGY NEED DATE 

















TOTAL 
1 

NUMBER OF LAUNCHES 






2 

25 

25 

25 

25 

25 

25 

25 

25 


— 

h 

277 


14. REFERENCES: 


a) U. S. Dept, of the Navy - Standard Hardweire Program 

Naval Electronics and Naval Avionics Facility, Indianapolis 

h) U. S. Air Force Avionics Laboratory, »/rlg^tit-ftitterson Air Force Base, 
(Mo; JfcLawrance Porter 

c) Hu^es Aircraft Co., Culver City, California. 

d) Research Triangle Institute, Resesurch Triangle, North Carolina 

e) Hydro-Space Challenges (Consultants), Washington, D.C. 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OQSEHVED AND REPORTED. 

I. THEORY roiiMULATCD TO DESCRIBE PHENOMENA. 

S. theory TESTED BY PHYSICAL EXPERIMENT 
OR NLATIIEMATICAL MODEL. 

4 . PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C.. MATERUL. COMPO.NENT. ETC, 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LARORATORY. 

4. MODEL TE& TED IN AlRCRAfT ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

I, NEW CAPABtLlTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

•• RELIABILITY UPGRADING OP AN OPERATIONAL MODEL, 
to. UFETIME EXTENSION OF AN OPERATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. ^^3 

1. TECHNOLOGY REQUIREMENT (TITLE): Fault Tolerant PAGE 1 OF ^ 

Electronic Systems 

2. TECHNOLOGY CATEGORY: Systems 

3. OBJECTIVE/ ADVANCEMENT REOTITRED; Reliable operation of vehicle and 

payload electronic systems In splte of component failures or software and 
transmission errors. 

4. CURRENT STATE OF ART: Systems are built of very reliable IBI components 

with redimdancy of equipment In vulnerable areas. 

HAS BEEN CARRIED TO LEVEL _2 

5 . DESC HI 1 »TION OF TEC HNOLOG Y 

Considerable research Is currently iinderway In the area of fault tolerant com- 
puters. This effort Is documented In a recent Issue of the Proceedings of the 
IEEE. The next required steps are to reduce this theory to practice, for RASA 
experiments, and then extend It to whole digital Information systems and finally 
to whole vehicle electronic systems. Flight controls, engine controls, and 
electrical controls as well as avionics will profit from this effort. Biologi- 
cal systems offer analogous behavior that one would like to Imitate, as a 
possible pattern of future research. The existence of very Inexpensive micro- 
processors and memory elements suggests that a study made of what a fault 
tolerant system would be like, assuming infinite data processing capability 
available at zero size said cost, would be extremely valuable. It appears that 
operational systems designed for fault tolerance will be possible by 1990 If 
adequate support Is generated. 


P/L REQUIREMENTS BASED ON: □ PR E-A.Q A,Q B,0 C/D 

6 . R A TK )NA L E A ND ANALYSIS: 

a) All shuttle payloads and advanced vehicles need this technology. Here we 
want 10056 performance for reasonably short periods. Planetary missions must 
operate over extremely long periods without catastrophic failures. These 
are probably different designs dependent on weight-cost tradeoffs. 

b) Since reliable electronics is part of all payloads and experiments, fault 
tolerance applies to all. 

c) Done correctly, it is believed that electronics systems can be built to 
possess nearly infinite life, based on ccsnponents at the known reliability 
of 2 X 10^ hours MTBP, if maintenance is allowed; i.e,, manned vehicles, or 
ground support equipment. Theoretical studies would need to be performed 

to extend the concept to unmanned vehicles without maintenance possibilities. 
(Distributed redundancy?) 

d) Since much of the required work Is theoretical In nature and leads to system 
organization rather than meumfactxu'lng techniques. It should be quickly re- 
flected In operational systems. The future of electronics systems Is 
directly tied to this area of endeavor, and It Is imknown without consider- 
able research. 


TO BE CARRIED TO LEVEL j_ 





DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 2B3 

1 TECHNOT.OGY REOUIREMENTmTLEl: Fault Tolerant Electronic 
gYBtSBS 

PAGE 2 OF 

7. TECHNOLOGY OPTIONS: 



a) Continue to expend inordinate amounts of money on super -reliable 
components and still not have reliable systems. 

b) Go to redundancy (2,3,4, etc.) at great cost and throw -weight 
increase and still not have reliable systems. 

c) Create a fault tolerant system concept and operate for long 
periods on a gracefully degrading basis. 


8. TECHNICAL PROBLEMS; 

a) Develop a mathematical theory of such systems. 

b) Simulate, model, and explore such system concepts. 

c) Reduce to practice. 

9. POTENTIAL ALTERNATIVES: 

As requirements for automation and autonomous operation of more complex missions 
continue to increase, there is no known alternative to this area of research. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

The Air Force Avionics Laboratory is planning to support effort in this area. 

JPL has Identified an RTOP 506-20-11 which is related or primary to this effort. 

EXPECTED UNPERTURBED LEVEL 2, 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Artificial intelligence, digital systems, computers, software, coding theory. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 2B3 


1. TECHNOLOGY REQUIREMENT mTLE^: Fault Tolerant PAGE 3 OF i 

Electronic Systems 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 


HS 

D 

Q| 


B3 

m 



III^U 

^9 

SI 

IS 



E9 

^9 

■ 

■ 

TECHNOLOGY 

1 . Theory 

2. Computers 

3. Digital Systems 

4. Systems 

5. Demonstration 

1 

1 

1 

■ 

1 

I 

1 

■ 

1 

1 

1 

1 

■ 

1 

1 

1 





■ 

■ 

■ 

■ 

■ 













1 

■ 

1 

I 




■ 

■ 

■ 

1 

1 

1 

1 

1 

1 

■ 

■ 

■ 

■ 

1 

■ 

■ 

■ 

■ 

APPLICATION 

1. Design (Pb. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 

1 


1 


1 

1 

1 

1 








1 

1 


1 


13 . USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 
















■ 


NUMBER OF LAUNCHES 
1 1 




















14. REFERENCES: 

a) IEEE Proceedings - Fault Tolerant Computing 

b) USAP Project 4159 - Eault Tolerance (work element) 

c) USAF Office of Scientific Research, Major R. Bush 

d) JPL Proposal for Grand Tour 


15. LEVEL OF STATE OF ART 

1. BASIC PHSNOMENA ODSERV’ED AND ACrORTED. 

I. THEORY FORMULATED TO DESCRIBE PHENOMENA. 

S. THEORY TEWED BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEL. 

4. PEHTINENT FUNCTION OR CIURACTERI8TIC DEMONSTRATED. 
E.C.. MATEIUAL. COMPONENT, ETC. 


S. COMPOKFNT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

S. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T. MODEL TESTED IN SP.ACE ENMRONMENT. 

S. MEW CAPAIHLITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. REUARtUTY UPORAOINC OF AN OPERATIONAL MODEL. 
10. UFETIME EXTENSION OF AN OI LRATION.M. MODEL. 






DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUHtEMENT (TITLE): System Engineering PAGE 1 OF 

Techniques Using Modeling And Simulation 

2. TECHNOLOGY CATEGORY: Systems. Software 

3 . OEJECTIVE/ADVANCEMENT REQUIRED: Systems engineering on end-to-end 

system through the tise of modeling and simulation to Identify Items requiring 
technology development. 

4. CURRENT STATE OF ART: EnH-to-^entl mr«^eHng Is mirrent.ly underway at MSFn 

With emphasis on system ut ility optlmlzat-inn. 

HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

Through the use of modeling emd simulation of end-to-end systems, system 
engineering trades are to he performed on selected system configurations to 
allow not only the determination of near-optlnum system configurations (and 
preferred modes of use) but to identify technology "bottlenecks" which require 
additional improvement to be cost effective. Cost, throughput, operations, 
missions, device, and problem models are to be used to allow all elements of 
the end-to-end system to be quantatively considered. The level of modeling 
(i.e., global, etc.) shall be only to that level necessetry to give the desired 
fidelity at the least cost. 


P/L REQUIREMENTS BASED ON; □ PRE-A,Q A.D B,D C/D 

6 . RATK )NALE AND ANALYSIS: 

A relatively inexpensive, flexible (easily and rapidly reconf igurable ) way to 
perform end-to-end trades (and allow one to optimi'je information/data ratios) 
on selected system configurations is needed. With improvements in such system 
engineering techniques, several potential advantages are apparent. For example, 
projected data rates may well be lowered below those presently thought by some 
to be needec^ . Should such prove to be the case, perhaps certain very high data 
rate items would not have to be developed (thereby affecting savings). Thro’jgh 
such end-to-end considerations the technology development could be concentrated 
on those elements most urgently (and pragmatically) needed. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 2C1 

1 . TECHNOLOGY REQUIREMENT(TITLE): System Engineering 

PAGE 2 OF JL 


7 , TEC HNOLOGY OPTIONS; 

o Selected subsystem or element modeling end simul a tion 
o ^stem analyses without simulation or modeling 


8. TECHNICAL PROBLEMS: 
o Proof of model and simulation fidelity 
o Tendency to "overmodel" with software 


9. POTENTIAL ALTERNATIVES: 


10. PLANNED PROGRAMS OR UNPERTURBED TECHN01X)GY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 2C1 


1. TECHNOLOGY REQUIREMENT ITIT^.E^: System Er t^ineering PAGE 3 OF 
Techniques Usln.^ Modeling And Simulation 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM IQ 77 78 79 80 81 82 83 84 85 86 87 I 88 89 Solsi I 


TECHNOLOGY 

1. Model Dev. 

2 . First Simulation 

3. Proof of Models 

4 Subsequent, Higher 
T^eyel Slmixlations 


VV V V- - - - -V 


APPLICATION 

1. Design (Ph. C) 

2 . Devl/Fab (Ph. D) 

3. Operations 

4. 

13. USAGE SCHEDULE; 


TECHNOLOGY NEED DATE 














— I 

TOTAL 

NUMBER OF LAUNCHES 











□ 








14. REFERENCES: 


IWEPROX'UCIBILn'Y OF THE 
pRIOINAL PAGE 18 POOR 


15. LEVEL OF STATE OF ART 

1. BASIC PHKNOMb'NA OnSCRVtD AND RErORTED. 

2. THEORY fOllMOLATED TO DESCRIBE PHENOMENA. 

3. THEORY tested BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL, 

4 . PERTINENT FUNCTION OR CIIARACTEIU5TIC DEMONSTRATED, 
E.O.. MATERIAL, COVPO.NENT. ETC. 


8. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRON.MENT. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

8 . NEW CAPAHILITY DERIVED FROM A MUCH LESSER 

operational model. 

8 . REUABILITY UPCRADINC of an OPERATIONAL MODEL. 
10. UFETIME EXTENSION OF AN OLLRATION VT. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. QST-1 

1 . TECHNOLOGY REQUIREMENT (TITLE): Transfer Of Space PAGE 1 OF JL 

Power By Microwaves 

t . TECHNOLOGY CATEGORY: 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; Develop the capability to transfer 

commerglallv useful amounts of power ( 5GW) from synchronous orbit to earth by 
means of microwave transmission. 

4. CURRENT STATE OF ART: Basic mechanisms (tubes^ an tennae, power 

transmission) have been demonstrated on a very small, select scale. 

HAS BEEN CARRIED TO LEVEL _4 

5. DESCRIPTION OF TECHNOI OGY 

Studies show that high power/efficlency tubes (5KW @ high gain/efficiency 

antennas ( 92 db @ 90 ?^)^ and extremely accurate pointing (.0050) will be required 
to transfer commercially useful amounts of power from space to earth. Furtner, 
these components must be integrated into a system that will function reliably 
for several decades and must be extremely reliable. None of these components 
exist today, nor have methods of integration been demonstrated. A development 
program, culminating in an orbital demonstration, is proposed. 


P/L REQU IREMENTS BASED ON; 0 PRE-A.Q A,D B.Q C/D 

<). rationale AND ANALYSIS: ~ 

In May 197‘5,the Jet Propulsion laboratory radiated 35Kw of microwave power over 
a one mile .range, using an 85' dish as the radiator and a 45,CX)0 square foot 
rectenna as the receptor. Useful power levels and efficiencies were obtained, 
demonstrating the concept of microwave power transmission. In o.rder to be 
economically viable as a power utility soxirce, a power transmisF .on system will 
require the following technological advances: 

a) High Power Efficiency I*ube--The prime space nower source may be solar cells, 
solar concentrator/firayton Cycle, or some similar technology and is expected 
to constitute the bulk of power station mass. Inefficiencies downstream of ! 
the p<wer source will be reflected in greater mass and cost, therefore, the 
DC/RF/DC conversion efficiency, which is the product of series efficiencie ^ 
must D3 held as high as possible, preferably above 605I, To achieve this 
level, the tubes must operate above 9056 efficiency. The Amplioron has d-imon- 
strated 85%, and studies indicate 9056 is achievable in a tube operating «^t 
3h.V, To be economically' viable, such a tube must also have long life, j 
lightweight, and be Inexpensive. By eliminating the tube envelope, aud 
using a new magnet material, weight per tube can be reduced to about t'our 
pounds. A cold cathode will eliminate the predominant failure mechanism. 

(Cont.) 

TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. gST-1 


1. TECHNOLOGY REQUIREMENTfTITLEk 'Transfer Of Space 
Power By Microwaves 


PAGE 2 OF Ji 


7. TECHNOLOGY OPTIONS: 

Development of an economically viable microwave power transmission system 
appeeirs to be an extremely difficult task. The discussion of specific approaches 
in the previous paragraph treats what appears to be the best candidate on the 
basis of studies so far conducted. However, selection of tube type, power level^j 
antenna type, gain, and control may all change as result of an extensive develop 
ment program. 


8. TECHNICAL PROBLEMS: 

a) Tubes without envelopes cannot be used on eeirth, and the extreme vacuum of 
space cannot be simulated. Concerns such as cathode contamination and tube 
start-up cannot be fully allayed until orbital flight test. 

b) Antenna gains such as required have not been approached. 


y. POTENTIAL ALTERNATIVES: 

lasers have been suggested as an alternative medium of transmission. However, 
tremendous increases in power level, efficiency, and reliability would be 
required . 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


Comparatively low levels of development are proceeding in tubes and phase 
control. 


EXPECTED UNPERTURBED LEVEL 4 


11. RELATED TECHNOLOGY REQUIREMENTS: 

a) Space processing may be required, at least in final stages such as 
outgassing, for tubes. 

b) Space assembly will be required for Jtntegration of components larger 
than Shuttle delivery capability. 


I i 




\ ^ 
i ^ 


5 ^ 
I \ 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. GST-1 

1. TECHNOLOGY REQUIREMENT (TITLE): Transfer Of Space PAGE 3 OF Ji_ 

Power Bv Microwaves . 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Component Development 

2 . System Integration 

3. System Ground Test 

•*. Development Plight 
5. Go-ahead Decision 












X 





















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 





1 






















13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 

















— 1 

TOTAL 

NUMBER OF LAUNCHES 




















14. REFERENCES: 


I 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND REIX)RTED. 

2 . THEORY >X:>KMULATED TO DESCRIBE PHENOMENA, 

3. THEORY TESIED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.O., MATERIAL. COMPONENT. ETC, 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT | 

ENVIRONMENT IN THE LABORATORY. J 

S. MODEL TESTED IN AIRCRAJT ENVIRONMENT. | 

T. MODEL TESTED IN SPACE ENVIRONMENT. i 

S, NEW CAPAmLlTY DERIVED FROM A MUCH LESSER M 

OPERATIONAL MODEL. ^ 

». REUABtLITY UPGRADING OF AN OPERATIONAL MODEL. { 

10. UFETIME EXTENSION OF AN OI'LRATlON.M. MODEL. 




DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. GST-1 

1 TECHNOLOGY REQUIREMENT mTLE); Transfer Of Snace 
Power By Microwaves 

_ PAGE hOF k 




(Cont.) 6. RATIONAL E AND ANALYSIS: 


However, such tubes are thought to be susceptible to contamination in 
space. Hence, while the tube development appeeurs feasible, demonstration 
(and perhaps final manufacturing processing) in the space environment will 
be essential. 

b) Ante nna — The ante nna efficiency should also be about 90‘jo. Common 
efficiencies are 555^* Antenna gain reqxxirements are estimated above 90 
db, which is much greater than anything now available. These parameters 
appear to rule out a dish antenna and indicate a slotted waveguide planar 
array with an aperture diameter of IKm. Such ein antenna cannot be launched 
directly, but must be segmented into subarrays for Shuttle launch, or be 
fabricated in space. Key development concerns are l) Subarray design for 
efficiency 2) Tube/array integration and 3) Subsurray tilt control within 
0.5° to maintain planar configuration. This last attribute must be demon- 
strated in space, under expected dynamic loads. 

c) Phase Control- -The electrical phase across the antenna must be controlled 
to within 10° RMS. This is the equivalent, at S-Band, of a mechanical 
absolute flatness tolerance of 5>Dm. Such a mechanical tolerance is not 
feasible. It will be necessairy to develop electrical phase control that 
will automatically compensate for mechanical distortions. The most 
promising approach is active retrodir activity, in which the phase of an 
upcoming pilot signal is electronically conjugated and used as the 
reference for phase control in each element. This approach requires con- 
siderable electronics, none of which have been developed. Those to be 
developed must be low in both weight and cost, but extremely reliable. 

d) Rectenna--The rectenna is a combination antenna and rectifier that con- 
verts microwave power directly to DC power. It has been demonstrated in 
hardware, but it requires advances in efficiency and in low-cost 
fabrication. 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. QST-2 


1 . TECHNOLOGY REQUIREMENT (TITLE): Radiation Tolerant PAGE 1 OF 3 

Electronic Co^nponents And Subsystems 

2. TECHNOLOGY CATEGORY: Systems 

;j. OBJECTIVE/ ADVANCEMENT RF.QTITRF.n- To determine the radiation tolerance 
of the various semiconductor technologies as they are applied in spacecraft 
electronic subsystems. 

4. CURRENT STATE OF ART: Certain technologies have demonstrated varying 

deterees of tolerance in laboratory tests using high dosages over short periods 
t-ima. HAS BEEN CARRIED TO LEVEL 

5. DESC'RI1>TI()N OF TECHNOLOGY 

It is necessary that a semiconductor technology for LSI and discrete components 
be selected for use in subsystems such that their continued satisfactory per- 
formance be assured when exposed to long periods of high energy gamma and 
particle radiation. Proper selection of other materials for structural and 
shielding purposes is also required to minimize secondeiry emissions. 


P/L REQUIREMENTS BASED O N: □ PRE-A.Q A.Q B.Q C/D 

H RATIONALE AND ANALYSIS: 

There currently are a momber of semiconductor technologies in existence or under 
development and numerous variations within each type. Each has certain charac- 
teristics which make it more or less suited to use in spacecraft subsystems. 

Some of these such as speed, power, voltage level, density, difficulty in manu- 
facture, cost and reliability are well known or can be determined through ground 
investigation and testing. One characteristic, though, has not received suffi- 
cient investigation and testing, namely the semiconductor's tolerance to high 
energy, long duration space radiation. Such conditions are found in the eeirth's 
Van Allen belts, at geosychronous altitudes, during interplanetary transit, aud 
in the Van Allen belts of other planets. 

It is possible to perform limited investigations of these phenomena in the labor- 
atory using radiation sources and large particle accelerators. High energy 
particles can be obtained for short periods of time and the results extrapolate 
for projected mission times up to 5 years, but actual testing of long-term 
effects is not possible due to technical difficulties and high cost. 


TO BE CARRIED T O L EVEL 
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DEFINITION OF TECHNOLOGY P.EQUIREMENT 

NO. GST-2 

1 . TECHNOLOGY REQUIREMENTmTLEl: Radiation Tolerant 
Electronic Components And Subsystems 

PAGE 2 OF i 


7. TECHNOLOGY OPTIONS: 


The technology options o^n for consideration include bipolar, MOS (including 
PMOS, MMOS, CMOS), and rL. Variations in substrate material, doping materials, 
and in processing, assembling, and packaging techniques result in many combina- 
tions of the above. 


8. TECHNICAL PROBLEMS; 

The development of test support equipment either not susceptible to the radiation 
environment or whose effect can be measured and removed. Possible alternate 
could be the use of a passive spacecraft for recovery after the 3 year period. 


9. POTENTIAL ALTERNATIVES: 

Establishment of a laboratory facility for the continuous generation of high 
energy radiation peurticles over an extended period of time, approaching years. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Further development of the newer CMOS and I^L technologies into useful components 
for spacecraft application. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. GST-2 


1. TFrH-ni r>r.v bfqtttrfmfnt mTT.ES- Radiation Tolerant PAGE 3 OF 

Electronic Components And Subsystems 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 

TECHNOLOGY 
2 Dev. Candidate 

* Components 

2. Dev. Test Support 
Hardware 

3. 


APPUCATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 

TECHNOLOGY NEED DATE ! 
NUMBER OF LAUNCHES 


14. REFERENCES: 


LEVEL OF STATE OF ART 


1, BASIC PHENOMENA OBSERVED AND REPORTED, 
a. THEORY ^X>liMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT KUNCTiON OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATERIAL. COM2»ONENT, ETC. 


5. CCHiPONFNT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

I. NEW CAPABtLITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

S. REUAMLITY UPGRADINC OF AN OPERATIONAL MODEL. 
10. UFBTIMS EXTENSION OF AN OPERATIONAL MODEL. 


, - 



V. FLIGHT EXPERIMENTS 


A. Rationale 

Associated with the technology requirements identified in Sec- 
tion IV, the Data Processing and Transfer Group analyzed the need 
for testing and validation of technological advances. It was de- 
termined that only a portion could be adequately brought to a 
state of flight readiness and acceptance through ground test. 

For some technology areas, adequate simulation of the total 
effects of the space environment would actually be more costly 
than a space test aboard a shuttle flight. Anything less would 
result in an unacceptable risk to major users of the technology. 
Furthermore, in certain cases only a space test can provide the 
required data, for instance, operations in zero-g. Finally, de- 
tailed comparisons of existing flight equipment/technology and 
proposed new equipment/technology designed specifically for 
space application can be made more meaningful in the environment 
in which both operate. 
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B . EXPERIMENTS 


A total of eleven (11) flight experiments were selected for 
initial consideration in the area of Data Processing and Transfer. 
They are listed in Table V-1. Each flight experiment is subse- 
quently discussed in narrative form and then documented on form 
FT (TDR) 7/75 "Future Payload Technology Testing and Development 
Requirement" . 
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Opportunity Driven) 




B.(l) End-to-End Integrated Data System Description 

After both ground tests and space tests of the basic elements 
of new technology for data processing and transfer systems, it is 
proposed that a major portion of a spacelab-type mission be dedi- 
cated to flying a data system laboratory. Associated with the 
laboratory would be two secondary active satellites, one in the 
same orbit as the laboratory with a TBD" phase difference, the 
other in a geosynchronous orbit. A ground station would also be 
an integral part of the test. 

The basic purpose of such a space test would be to test and 
validate optimized end-to-end system technology for various space 
applications, i.e., earth sensing, communications, deep jice, etc. 
Users and potential users would get a first-hand demonstration of 
total system response from sensors to final reduced data output. 
Manned interaction would be included where automated aspects of the 
system for a given application had not reached final maturity. The 
laboratory, therefore, would not be for scientific purposes, but 
would basically serve as a technology proving ground. 

The laboratory would be equipped with total data systems from 
sensors through transmitters/antennas. In some cases, parallel sys- 
tems or elements would be available for comparative purposes. 
Examples : 

antennas - range of types for various space applications 
transmitters - solid state, high power tube, etc. 
receivers - low tern/ noise, uncooled, etc. 
lasers 

both centralized and distributed processors 
modular, fault tolerant computers 

sensors - range of types for various space applications 
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storage devices - tape, disk, bubble, etc. 

The two secondary satellites would be active, with power and 
stabilization. They would be equipped with state of the art terminals 
for the various communication links and selected commandable stimuli 
for sensors on the laboratory. 

A ground station would be required to provide data receiving/ 
display capability, command uplink, and to serve as a controlled 
platform for testing ground-to-satellite remote data gathering 
capability. The ground station would be automated as much as pos- 
sible to demonstrate minimized human involvement in final data out- 
puts and mission control. 

In orbit, sensors oI various types would be stimulated by real 
and contrclled inputs. Certain stimuli would be commandable on the 
two secondary satellites and the ground. Sensor data would be pro- 
cessed onboard and transmitted over the various RF communication 
links. Air-to-ground data would be received and evaluated by the 
ground station. Air-to-air data would be received and retransmitted 
(bent pipe) back to the laboratory for evaluation. Feature recogni- 
tion techniques would be refined through man interaction. 

Analysis would be made on all aspects of systems performance. 

Both the laboratory and ground crews would vary system parameters in 
controlled modes to determine performance limits. Some in-flight 
modification of systems would be possible to correct unforeseen 
deficiencies . 


ggraoDocmnw OF TOE 
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1. ref.no. 

T TITLE 


FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 

PREP DATE 8/11/75 REV DATE 


PREP DATE 
CATEGORY 


NO. TT. B. I. 
PAGE 1 
LTR _ 


3. TECHNOLOGY ADVANCEMENT REQUIRED 


LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 





zatlon of softvare 


ited /autonomous to l | | 

corporates on-board data extraction and processing In- 
compresslon. with a blah efficiency, high data rate RE 
For Alr-to-Ground and Alr-to - Alr Data transfer. Output 
cvlded In reduced form in the desired measurement units, 
n desltrn and use of modular architecture are required to 
cns for different space applications, l.e.^ earth sensing, 
space, etn. Inherent. In system design will be the OPtlml- 
irtltlonlng, management, etc . ) . 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME VPAR.s. TECHNOLOGY NEED DATE 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS This advancement will make possible the collection, pro- 
cessing and transfer of larger quantities of data from a given payload /space- 
craft. than would otherwise be possible. This would therefore permit use of 
more complex sensors and more total experiments /sensors on each specific pay- 


POTENTIAL COST BENEFITS 


6. RISK IN TECHNOLOGY ADVANCEMENT 
TECHNICAL PROBLEMS 


.ESTIMATED COST SAVINGS $ 


REQUIRED SUPPORTING TECHNOLOGIES Development of better on-board antenna 

pnintintf aecuracv (final accuracy repulrement based on tradeoffs performed 
during system development). . 

REFERENCE DOCUMENTS/COMMENTS ES-38, Outlook For Space, Executive 
Summary Dreft July 1975 Themes 01,02,03,05 


FT (TDR-117/75 
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I 


N0._ 

PAGE 



T5TLE Ind-to- 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACiF TEST OPTION TEST ARTICLE: . 




active satellites (one in same orbit as laboratory with TBD^ Phase differs 


and the other in geosynchronous orbit. 

TEST DESCRIPTION : ALT. (max/min) 350 / 275 km. INCL. 28.5 d«ll. TIME hr 

_ Perform demonstration and testing of end-to-end system(a) developed for each 


maior mission application i.e. earth sensing, communications, deep space, etc. 



mlcs. remote operation, etc. 


EQUIPMENT: WEIGHT kj, SIZE X X m, POWER kW 

POINTING STABILITY DATA 

ORIENTATION CREW: NO. OPERATIONS/OURATION I 

SPECIAL GROUND FACILITIES: Ground station to provide data recelvlng/diBPlay nf>nima.nd 
UP link, serve as controlled platform for remote data existing: YES □ NO m 
PatAoriBg« Highly automated. TEST CONFIDENCE 


GROUND TEST OPTION TEST ARTICLE: 


M * * 1 * 




TEST DESCRIPTION/REOUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


.EXISTING: YES D NO □ 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


TEST CONFIDENCE 


GROUND TEST OPTION 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 


f T n DR-2) //75 

























B.(2) High Capacity Ku-Band Comiuunications Terminal 
Space Shuttle is tasked with providing wide band communica- 
tions support for payloads and experiments. While the data trans- 
fer requirements are not stabilized, one megabit per second on the 
forward link and fifty megabits per second on the return li^.k, are 
generally accepted. These data rates will not satisfy all user 
• equirements, and it is problematical whether the Shuttle w^ll be 
able to implement 1 i.nks to handle even these data rates. There- 
fore, it appears that a second generation Ku-Band terminal for op- 
eration through TDRSS will be required. 

A second generation Ku-Band terminal with color TV on the 
forward link and 200 megabits on the return link appears feasible 
and desirable. Such a terminal would employ an unfurlable dish 
antenna with integral transmit/receive electronics. The dish 
equivalent size should be about five feet, but it should fit in 
the space now allocated for the Orbiter twenty-inch dish. It 
would be highly desirable to have the dish and elec;,ronics struc- 
turally integrated in order to reduce gimbaled weight, while re- 
ducing losses and eliminating rotating pressurized waveguide joint 
The proposed terminal will interact strongly with the zero-G/ 
thermal /vacuum environment of space. Gimbaled weight must be kept 
down and thermal properties must be controlled. It will be highly 
desirable to gain experience with the terminal in space without 
requirirg the payloads to depend entirely upon its re.iiability . 
Therefore, a series of flight experiments are preposed in which 
the terminal is successively located on Spacelab Pallet and on the 
second twenty- inch dish mount. In this way the new terminal can 
demonstrate its flight -worthiness without significant risk to the 
payload mission. 



FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


PAGE 1 


PREP DATE 
CATEGORY 


REV DATE 



3. TECHNOLOGY ADVANCEMENT REQUIRED I LEVEL OF STATE OF ART 

. ^ CURRENT UNPERTURBED REQUIRED 

Integrated Ku-Band Antenna /ElectroLics, 

i nf ini^incf fiirlable antenna, solid state | 1 _J 

ow-noise, image -enhanced receiver/down co nverter . 


CURRENT UNPERTURBED REQUIRED 





4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 


PAYLOAD DEVELOPMENT LEAD TIME 


.YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Increased payload ccmmunicatlon capacity through baseline 
TDRSS. Specifically, forward-link TV and 200 MBPS retiirn link. 



POTENTIAL COST BENEFITS With greater bandwidth, fewer flights will be required 
to accomplish the same data gathering and transfer. 


.ESTIMATED COST SAVINGS $ 



REFERENCE DOCUMENTS/COMMENTS Users Guide, Outlook for Space . Space Shuttle 


Systems Description 


RTOP 310-20-46 RF Technology per TDRSS User Spacecraft - OTDA/GSFC 


R 


N 







COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: _ 


TEST DESCRIPTION : ALT. (max/min) / km, INCL. dag, TIME hr 

Test antenna to be carried on Orbiter and used to demonstrate full data 


BENEFIT OF SPACE TEST: Verification of electromechanical and electrical interfaces 

in zero-G/var:i»ini/t.hernial environment 


EQUIPMENT: WEIGHT kg, SIZE 

POINTING 0.5^ STABILITY. 

ORIENTATION CREW: 

SPECIAL GROUND FACILITIES: m/A 


'8. SIZE X X m. POWER 

iBI LITY DATA 

CREW: NO. OPERATIONS/DURATION 


existing: YES □ NO □ 
test CONFIDENCE 

9. GROUND TEST OPTION TEST ARTICLE: Same 

TEST DESCRIPTION/REQUIREMENTS: Tracking and interface tests with prototype or 


SPECIAL GROUND FACILITIES: None 

EXISTING: YES □ NO □ 

GROUND TEST LIMITATIONS: Steerable antenna operation is strongly affected by zero- 

G/vacuum/thermal environment which cannot be duplicated on eeirth. 

TEST CONFIDENCE 


10. SCHEDULE & COST 

TASK CY 77 ' 

1. ANALYSIS X-. 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 
TECH NEED DATE ~~ 

11. VALUE OF SPACE TEST $ 


3ST SPACE TEST OPTION 

CY 77 78 79 80 82 cosTiS) 

X--X 

XX X 

X X 


GRAND TOTAL 


GROUND TEST OPTION 



















II GRAND TOTAL | 


COST ($) 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 

Dish-Electronics Interface thermal properties and gimbaled mass 


I COST RISK $ 

n noR ;>) 7/75 


i 
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(3) Laser Data Relay Link 

Planned earth observation or planetary spacecraft employing 
high data rate sensors such as- thematic mappers, synthetic aperture 
radars, multispectral sensors, or TV imaging systems will generate 
data at rates up to one gigabit per second. Current and planned 
microwave data transfer systems, such as the Ku band system to be 
flown on TDRSS, are limited by physical constraints to data rates 
on the order of 200-250 megabits per second. User spacecraft must 
therefore provide complex, costly onboard processing of data, or 
operate at reduced capabilities, to meet the limitations imposed by 
available data links. 

Laser systems offer bit rates compatible with the requirements 
of future payloads and can eliminate the operational constraint of 
limited data transfer capability. A coherent CO 2 laser system has 
been built and operated in a laboratory environment at 300 megabits 
per second. 25 centimeter telescopes acting as receivers at both 
the receiving and transmitting stations can, in conjunction with 
currently available laser tubes, provide sufficient margin to operate 
this system from earth to synchronous altitudes. Tracking and data 
acquisition requirements have also been examined in the laboratory, 
and lock up rates compatible with a synchronous orbit to ground or 
low-earth to synchronous orbit data link have been demonstrated in 
simulated operations. CO 2 laser life tests have been conducted, and 
adequate operating life (greater than 10,000 hours) has been demon- 
strated. Space testing of the laser system is needed to validate 
system performance and examine operational procedures and constraints. 

The proposed experiment would consist of two phases. The ini- 
tial phase would be launch of a laser transceiver on a free-flying 
payload at synchronous altitude. The free flyer would be exercised 
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with an existing ground station at GSFC to demonstrate up-down high 
rate data transfer, to prove tracking and acquisition requirements 
can be met, and to establish operational procedures. Assuming the 
free flyer phase successfully met its objectives, the second phase 
would involve installation of a laser transceiver in a shuttle pay- 
load in low earth orbit. This system would then be operated in con- 
junction with the free flyer to demonstrate the space-to-space 
capability of the laser data relay link and its suitability for use 
as the high rate data link in a second generation TDRS system. 
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(4) Communications Technology Experiments 

The quality of a society is in direct proportion to the quality 
of the interactions among members of the society. Communications 
provides the principal means of accomplishing such interaction, and 
as societies become more far-flung, the required instantaneity and 
simultaneity "lUst increasingly be provided by telecommunications or 
communication at a distance. Although, at least in the U.S., the 
mainstay of this communication network will continue to be the high- 
ly developed national telephone network (approximately a $60 billion 
investment) the recent advent of the communications satellite offers 
the hope of making the familiar long distance telephone call less 
expensive, while at the same time making possible entirely new op- 
tions for communications, which would be prohibitively expensive, 
or even impossible without the satellite. 

Ships at sea and mobile vehicles in remote places on the land 
can be put in immediate touch with those who remain at home. Air- 
craft operating over the oceans can be in direct touch with flight 
controllers and derive from satellites accurate information on their 
position and that of nearby aircraft. The remotest archeological 
team or oil exploration party will be able to stay in touch with 
scholarly communities, data sources and libraries, computers, etc. 

Mail will someday be transmitted instantaneously by satellite. Some- 
day the continuous process of education will be able to take place 
at times and locations convenient to each individual learner, mediated 
by satellites, without regard to remoteness from centers of learning. 
X-rays of remotely located patients will be transmitted by satellite 
to great medical centers where diagnoses will be made by experts. 
Entertainment and educational programs will be beamed down not only 
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to enhance the quality of life in the U.S. but to maKe it possible 
for anyone in the world to partake of the world feast of knowledge 
and culture. 

Search and rescue packages will permit authorities to rapidly 
find and aid downed aircraft and lost persons in remote areas. 

Data may be collected from sensors on inaccessible volcanoes, 
permitting prediction of eruption; from stream gages to predict 
floods in time to evacuate the populace; from agricultural sensors 
to permit control of crop pests; and from climatological and pol- 
lution monitors around the world. 

Disaster warning satellites may broadcast timely warnings of 
tsunamis, tornadoes, severe storms, hurricanes, floods, and other 
disasters directly to home, office, and neighborhood warning re- 
ceivers, thus permitting large scale saving of lives. 

Access to the world's most sophisticated giant computers may 
be provided to qualified scientists throughout the world to harness 
the computer's power for the continuing rapid advancement of bene- 
ficial science and technology. 

In the meantime, the burgeoning satellite technology will have 
begun to affect favorably the existing public switched message net- 
work. Already it has made possible manyfold increases in overseas 
telephony, and has oegun to make an impact on long distance tele- 
phone rates. 

In the future it may increase our enjoyment and awareness by 
making possible a great increase in the frequency of live television 
broadcasts of national and international events - a circumstance 
that was impossible or prohibitively expensive only a few years ago. 
It may make possible a much greater richness of entertainment and 


167 








education through pooled TV prograris as in program sharing by CATV 
owners . 

Carried to its extreme, by the year 2000 such concepts as 
personal communications between individuals anywhere in the world 
carrying miniaturized communications gear may become feasible. 
Simultaneous rapid advances in terrestrial communications technol- 
ogy, such as light pipes and coaxial cables will have released 
orbital and spectrum allocations for use in a wide variety of 
specialized communications missions tailored to use by individuals 
for their education, enjoyment, and social contact. 

All the above things are likely to come to pass somewhere. 

They can come to pass in the United States if we have the will to 
make them happen. The corresponding electronics technology has a 
great potential for improving the economy of the United States as 
a technology exporter and creating a more favorable balance of pay- 
ments in particular . 

Communications technology is characterized by typical growth 
rates of 15-20% per year and more, and by doubling periods of 3 to 
5 years. In such a rapidly growing field the competition can be 
lost by even momentarily faltering or hesitating in pursuing the 
initiative. The U.S. gained an early lead in telecommunications 
satellites in the early 60 's and must now work hard not only to 
maintain it but partially to retrieve it. 

The shuttle represents a way to regain the lead. The proposed 
shuttle communications experiments will provide the stimulus to a 
continuing series of communications technology developments that 
may enable the U.S. to retrieve and maintain the competitive edge. 
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The experiments are based on four groups of technologies 
direct broadcast/narrowcast, satellite data collection, spectrum 
monitoring and telephony/ trunking. 



FUTURE PAYLOAD TECHNOLOGY NO. 7. B. 3 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


1. 

REF. NO. PREP DATE 

8 / 12/75 

REV DATE 

LTR 

CATEGORY 

— 




2. 

TITLE ]>*sers Data Relay Link 

















3. 

TECHNOLOGY ADVANCEMENT REQUIRED 


LEVEL OF STATE OF ART 


Provide a laser communicaticii system 


CURRENT 

UNPERTURBED 

REQUIRED 


oapable of transferring data at rates 


5 

5 

7 


of 300 megabits per second or higher. 

The system must be competitive in cost | 


and Derformance with microwave or millimeter wave alternatives, must demonstratej 


growth capabilities to one gigabit per 

second for 1 

uture applications, and must 


he able to operate in a low -earth -orbit to synchro.. 

us orbit data relay link 


mode. Engineering prototype systems have been tested in a laboratory environ- j 


mpn-h. Space flight testing is necessary to validate performance and eliminate 


operational unknowns. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1985 

PAYLOAD DEVELOPMENT LEAD TIME V4 VFARS. TECHNOLOGY NEED DATE 1981 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Increased data transfer rates compatible with EOS and other 

imaging type payloads including planetary images. 


POTENTIAL COST BENEFITS 


ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Modulation techniques currently limit the attainable data 

- r a t . PiR fnr cnharent syst . PmR . Datartnr Ransltivity and laser efficiency need 

improvement to increase the link margins for noncoherent systems. 


REQUIRED SUPPORTING TECHNOLOGIES Long life, space q\ialifled lasers; advanced 
detector technology; laser pumping techniq.ues; modulator /demodulation concept 
and components . 


7. REFERENCE DOCUMENTS/COMMENTS A MSA/POD Joint Spacecraft Laser Data 
Relay Link (LRDL)> Volume I and ll, GSFC, May 197!^ 


FT (TDR-1) 7/76 



TITLE Laser Data Relay Link 


NO. 

PAGE 2 of 2 


COMPARISON OF SPACE & GROUND TEST OPTl .NS 

8. SPACE TEST OPTION TEST ARl ICLE: . Laser data relay link capable of 300 


megabits per second operation from 

synchronous altitude 




TEST DESCRIPTION : ALT. (max/min) 

/ km, INCL. 

deg. TIME 

hr 



BENEFIT OF SPACE TEST: Demonstrate laser communication system as a high rate data 


transfer link 

EQUIPMENT: WEIGHT kg, SIZE 

X X m, POWER 


kW 

POINTING STABILITY 

DATA 



ORIENTATION CREW: 

NO. OPEKATIONS/DURATION 




SPECIAL GROUND FACILITIES: Groxuld -based 

receiver /transmitter to exercise system 



existing: 

YES [x] NO 

O 


TEST CONFIDENCE 0»9 


9. GROUND TEST OPTION TEST ARTICLE: Test laser transceiver in simulated high 
data rate application. 

TEST DESCRIPTION/REQUIREMENTS: Transceiver operating at maximum data rate with 
retrof lector to simulate data link. 


SPECIAL GROUND FACILITIES: Test range with appropriate telescopes, instrumentation 
and supporting equipment to validate system operation. 

EXISTING: YES ID NO □ 

GROUND TEST LIMITATIONS: Does not test acq.uisition and tracking problem nor 


demonstrate operation in a realistic environment where effects on propagation 
can be assessed. TEST CONFIDENCE 0.^ 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ ) 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


COST RISK $ 


n nOR-2» 7/75 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. ?.B.4 
PAGE 1 of 2 


1. REF. NO. PREP DATE REV DATE LTR 

CATEGORY 


2. TITLE Communications Technolofy Experiments 




3. TECHNOLOGY ADVANCEMENT REQUIRED 

LEVEL OF STATE OF ART 

Series of direct communication tech- 

CURRENT 

UNPERTURBED 

REQUIRED 

nology advancements : 





High power tubes; large microwave arrays; higher frequency components; local 


program Insertion techniques; on-board switching etc. 


4. SCHEDULE REQUIREMENTS FIRST PAYLO. .D FLIGHT DATE 1980-1982 

PAYLOAD DEVELOPMENT LEAD TIME _ 2-3 TECHNOLOGY NEED DATE —iSIL 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS ^ t 

TECHNICAL BENEFITS More efficient utilization of frequency spectrum 

Better satisfaction of user needs for communication system 

More advanced technology in above areas 


POTENTIAL COST BENEFITS Much reduced cost of telecommunicatiocs, particularly 
unswitched applications 


ESTIMATED COST SAVINGS $ 

6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Technologies must be demonstrated to convince private 
enterprise to risk using them in operational systems 


REQUIRED SUPPORTING TECHNOLOGIES Power, navlfflition, processing and dat a 
haadlirw. attitude control, structures 


7. REFERENCE DOCUMENTS/COMMENTS See attached sheet 


FT (TOR-11 7/78 
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TITLE NO. 

PAGE 2 

COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION test article: Series of 5 + more or less tightly 

intefo-ated compatible communication technology experiments as synchronous 


free -flyers 

TEST DESCRIPTION ; ALT. (msx/min) Synch. / Orbit km, INCL. 


8, TIME 24 hr 


BENEFIT OF SPACE TEST; Technology verification in space environment + user 
familiar iratlon/demonstration 

EQUIPMENT: WEIGHT 2000 - 10,000 kg.SiZE X X m POWER 2-2 


+ . 1 or better 


EQUIPMENT: WE I G H T 2 000 - 10 , 000 Itg, SIZE X X m. POWER 2-20 kW 

POINTING t • ^ better STABILITY DATA 

ORIENTATION CREW: NO. OPERATIONS/DURATION / 

SPECIAL GROUND FACILITIES: Series of user fxirnlshed 

existing: YES □ NO □ 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


.TEST CONFIDENCE 


EXISTING: YES D NO □ 


10. SCHEDULE & COST 

TASK CY 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 
TECH NEED DATE 


SPACE TEST OPTION 

78 79 8o 8l 82 COBi ($) 


TEST CONFIDENCE 

I GROUND TEST OPTION 


COST(S) 


GRAND TOTAL 


11. VALUE OF SPACE TEST $ lOOM 

12. DOMINANT RISK/TECH PROBLEM 


lOOM II GRAND TOTAL | 

(SUM OF PROGRAM COSTS $ ) 

COST IMPACT PROBABILITY 


I COST RISK $ 
FT (TDR-21 7/76 
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(5) Preprocessor for Synthetic Aperature Radar 

Multifrequency wideband synthetic aperature radars have been 
identified as a technology requirement for future earth observa- 
tion experiments. This type of sensor produces very wide band- 
width data. Estimates of the required bandwidth run as high a.« 

460 megahertz. The present state of the art in data communica- 
tions and storage is incapable of supporting more than a few minutes 
of sensor operations per day. 

Onboard processing for this data is a necessary rec lireraent for 
useful spacecraft applications of the synthetic aperature radar. 

The only presently viable approach to onboard processing of this 
data uses CCD technology to perform range and azimuth correlation 
and compression correlation of the multiple-look return data. The 
composite superimposed im'^ge thus produced is then subjected to 
conventional image compression also using CCD’s. A potential data 
reduction in excess of 100 to 1 can be achieved by such a processor. 
Therefore the resulting data rates in the range of .5 to 5 mHz make 
spacecraft application of the .synthetic aperature radar feasible. 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


PAGE 1 


REF. NO. 


_ PREP DATE 8/8/7S 
CATEGORY Systems 


REV DATE 


TITLE Preprocessor For Multifrequency Wideband Synthetic Aperture Radar 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED REQUIRED 


system which can be flown in 


•. wideband synthetic aperture radar (SAR 


experiment. This prepiocessor must be capable of l) accepting data directly 


from the SAR, 2) performing the required preprocessing transforms in real time. 


,ng the transformed data into a format compatible with on-board 


data storage and/or down link data commixnications. Present SAR's have no pre- 


processing. Technology devexopments have begun to be directed toward this 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 


PAYLOAD DEVELOPMENT LEAD TIME 


.YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 2 

TECHNICAL BENEFITS This advancement will make it possible to operate multi- 


tu--atlon of the down Unit capabilities of the spacecraft. 


POTENTIAL COST BENEFITS 


ivi ngs in ground based data processing 


-educeg cost of on-board data transmission components. 













I 


TITLE Preprocessor For Multifrequency Wideband Synthetic Aperature NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION test article: SAP preproce ssor — possibly hav ing 

capability such as single freq.uency, or lower resolution requirements. 


TEST DESCRIPTION : ALT. (max/min) 250 / 170 

km.INCL. 57 deg, TIME 

15 hr 

Operate preproce-^sor with actual data from SAP over irround truth in 

the 

U. S. 

BENEFIT OF SPACE TEST: H 

is essential to test the 

preprocessors with actual 

data. 


EQUIPMENT: WEIGHT 

50 kg, SIZE .5 X 

1 X .5 m,P0WER .1 

kW 

POINTING 

STABILITY 

data 1 MBPS 


ORIENTATION Earth 

CREW: NO. 1 OPERATIONS/DURATION / 


SPECIAL GROUND FACILITIES: 

Ground truth sites 





_ . existing; yes fxl 

□ 

o 

z 



test CONFIDENCE *8 

GROUND TEST OPTION 

TEST ARTICLE: Prototype SAR preprocessor 






TEST DESCRIPTION/REQUIREMENTS: Operate SAR with 

preprocessor from aircraft 

at 

15-20 km altitude* 





SPECIAL GROUND FACILITIES: 

Aircraft , Grouna truth 









EXISTING: YES ilH 

NOQ 

GROUND TEST LIMITATIONS: _ 




TESTCOMFIOENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 

Jii. 

JJL 

M. 

J2. 

8o 


COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 








— 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 

— 



11. VALUE OF SPACE TEST $ 


(SUM OF PROGR NM COSTS $ . 


) 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


Pi ' f iculty in handling extremely high data 
rate causes increased parallelism and cost 


PROBABILITY 

.4 


COST RISK S 


rt (TOR 2) 7/75 
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V.B. 6 Onboard Man Interactive Multisensor Recognition Processor 

The user input requirements as well as the Outlook for Space 
project increasing use of earch resources type sensing. The raw 
data from most these sensor systems produce a tremendous amount of 
high data rate data which in turn taxes data communications and 
storage facilities. One approach to coping with the projected 
data overload is to perform some of the data processing onboard the 
spacecraft. Spacecraft experiments as related to data processing 
requirements can be divided into three categories: 1) those for 

which processing algorithms are known and the characteristics of 
the data are sufficiently invariant or predictable that automated 
on board processing is feasible; 2) those for which onboard pro- 
cessing is unfeasible due to the completely unpredictable charac- 
teristics of the data or other reasons; 3) those for which pro- 
cessing algorithms are known and sufficient uncertainty exists in 
the sensor data that successful recognition processing must be 
accompanied by man supervised training or direction of the pro- 
cessing algorithms. It is this latter category of experiments 
toward which this flight experiment is directed. Since many of 
the earth resources experiments fall into this category, a size- 
able reduction in the space to ground data handling requirements 
can be achieved by implementation of such an onboard man-supervised 
processor . 

The technology around which the processor is fabricated greatly 
affects the implementation of such a system. One approach based on 
recently-developed ground-based hardware to perform recognition 
processing of multi-spectral image data is summarized below. The 
heart of the processing system is o high-speed digital pipeline 
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processor. The pipeline processor is organized such that the 
basic form of the processing algorithm is hardwired into the 
pipeline hardware and the detailed implementation of the algorithm 
is controlled by constants and control parameters fed to the 
pipeline processor by a man supervised control processor. Deter- 
mination of the appropriate constants and control functions 
requires the introduction and correlation of a certain amount of 
ground truth information. It is the supervision of the ground 
truth training process and evaluation of the adequacy of previous 
training to current data conditions which requires the man- 
machine interaction. One of the chief requirements for a flight 
experiment of such a processing system is to evaluate the ability 
of man to perform this task in a real time space environment. 
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FUTURE «»AYL0AD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. -g.B. 
PAGE 1 


1. REF. NO. 


REV DATE 



TECHNOLOGY ADVANCEMENT REQUIRED 


LEVEL OF STATE OF ART 


CURRENT 


UNPERTURBED 


REQUIRED 


e development and flight verification 
of a high speed data processor to per- 4 


form recognition processing of earth resources image data In space. This 

of flight worthy high speed 


subsystems. High speed buffer storage, Man interactive 


computers . and Optimized control 






4. SCHEDULE REQUIREMENTS I 
PAYLOAD DEVELOPMENT LEAD TIME 


5. BENEFIT OF ADVANCEMENT 


FIRST PAYLOAD FLIGHT DATE 


.YEARS. TECHNOLOGY NEED DATE 


NUMBER OF PAYLOADS 



TECHNICAL BENEFITS l) Reduction in the end-to-e n d processing time. 

2) Capability of selecting useful data in realtime. 3) Multiple use of 


. 4) Decreased interaction between experimenter and sensing-processin 


POTENTIAL COST BENEFITS On-board recognition processing of earth resources data 


will greatly reduce the requirements for and therefore cost of data transfe 


round storage and processing facilities. 


.ESTIMATED COST SAVINGS $ 


RISK IN TECHNOLOGY ADVANCEMENT 


TECHNICAL PROBLEMS l) Operation of parallel processors and buffer storage 



REQUIRED SUPPORTING TECHNOLOGIES 1 ^ H-i yhpr sn^ed parallel processor technology' 
2 ) Higher speed and capacity data storage devices (Disc -like) 3) Man-machine 
interaction optimization for data processing. 


REFERENCE DOCUMENTS/COMMENTS 


1B0 















TITLE On-board Manned Interactive tfaltlsensor Recognition Processor NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: . Earth res o 


TEST DESCRIPTION : ALT. (tnax/min) 230 / 170 km. INCL. 57 d«g. TIME l6 hr 

Data from one or more Image sensors will be processed in realtime bv the on- 


board system and transmitted to the 




BENEFIT OF SPACE TEST: Evaliiatl 

resources data processing. 


EQUIPMENT: WEIGHT iqoq kg. SIZE i X 2 X 1 m. POWER kW 

POINTING 1 arc sec. STABILITY DATA 

ORIENTATION Earth CREW: NO. 1 OPERATIJNS/OURATION 23 / @5 hr. 

SPECIAL GROUND FACILITIES: Image Data Processing 

existing: yes CD NO □ 

TEST CONFIDENCE .8 


@5 hr. 


9. GROUND TEST OPTION TEST ARTICLE: Prnt.nt.y-r>-' parth rf»Rniirr!fis prftceafiing 

system. 


TEST DESCRIPTION/REQUIREMENTS' Simulation of data generation in realtime and 


evaluation of processing efficiency and accuracy. 


SPECIAL GROUND FACILITIES: Develo]?ment of prototype processor 


, EXISTING: YES D NO □ 


GROUND TEST LIMITATIONS: 

sensors in realtime. 


TEST CONFIDENCE 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3 . MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


78 79 80 81 32 83 C0ST(S) 


GROUND TEST OPTION 


78 1 79 180 81 82 83 COSTIS) 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 

High Speed Rrocessing and i4an-Ma,chine Interaction 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 


n noR i') 7/75 
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(7) Advanced Teleoperator Vision bystom 

Discussion 

The purpose of this flight experiment is to demonstrate ad- 
vanced facilities for augmenting operator vision in the perform- 
ance of Shuttle or free-flying teleoperator remote manipulation 
tasks. Since these facilities are intended to replace those used 
in the first Shuttle and Payload Systems, their demonstration in 
space under zero-g conditions and in actual payload deployment or 
servicing is considered essential before adoption. Testing of 
the vision system on the ground prior to flight tests will be done 
in the course of its development; however, the extent to which it 
truly aids the Payload Specialist in his work can be determined only 
in repeated use. 

The improvements offered in the proposed vision system reflect 
the addition of processors to the flight equipment that would enable 
the following functions to be performed in real time: 

(1) Enhancement of predetermined or operator -selected features of 
the images transmitted from the remote TV cameras to emphasize those 
needed for operator decisions and actions 

(2) Bandwidth compression Cwhen appropriate) to improve the amount 
of useful or high-resolution detail that can be transmitted over the 
available channel. 

(3) Generation of displays based on non-visual information, such 
as the position of manipulator ioints and their relation to other 
structural elements, to supplement tne TV data and give the operator 
a more complete overview of the worksite 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


1. REF. NO. PREP DATE 8/, 

CATEGORY 


. TITLE Advanced Te leopsrator Vision System 


PREP DATE 8/11/75 REV DATE 
CATEGORY Software 


NO. 

PAGE 1 


LTR 


3. TECHNOLOGY ADVANCEMENT REQUIRED 

Develop an advanced vision system for 


or free- 



LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 

k 

5 

7 


Extracfcion and enhancement of worksite features needed for improved 


jerator perc option of task environment. 


2) Application of bandwj ath compression and scene analysis techniques to 


formation supplied to operator over channel 


with limited bandwidth (for lUS). 


Development of simulation of remote effects- in task environment to in- 


crease operator confidence and efficiency in carrying out task steps. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE _19Qk 


PAYLOAD DEVELOPMENT LEAD TIME 


.YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS All 

TECHNICAL BENEFITS Increase operator efficiency in performing Shuttle and lUS 

>er of tasks that can be performed in a 


: also increase probability of successful task performance without 


accident . 


POTENTIAL COST BENEFITS Reduce cost per minute of Shuttle and lUS remote 

manipulator operations . 


ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Algorithm and hardware development; software generation 

■ -Inriiln+. “ 



REQUIRED SUPPORTING TECHNOLOGIES TV image processing; on-board computers; 
s''ene analysis; source encoding. 



REFERENCE DOCUMENTS/COMMENTS 


FT (TDR-1) 7/75 


I 
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TITLE Mva.nc. e^A Vlainn f^Rt.pm 


NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION 

TEST ARTICLE: ^ 

Teleoperator Vision System 







TEST DESCRIPTION : 

ALT. (max/min) 

/ km.INCL. dec,T<ME 

hr 






BENEFIT OF SPACE TEST: 

Comoare advanced 

system with system used in first 

•J.S 

flights 




EQUIPMENT: WEIGHT 

kg, SIZE 

X X m, POWER 

kW 

POINTING 

STABILITY 

DATA 


ORIENTATION 

CREW: 

NO. OPERATIONS/DURATION / 


SPECIAL GROUND FACILITIES: Use ground system to compare performance of earth- 

based 

I operator with that 

of Bayload Specialist. existing: YES PI 

Non 


TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: 

Some ground tests can be made, but zero-g conditions cannot be duplicated. 

TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES; 


EXISTING: YES □ NO 0 

GROUND TEST LIMITATIONS: See above 


TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION | 

1 GROUND TEST OPTION 

TASK [cY 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 







COSTIS) 







COST (S) 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ (sum OF PROGRAM COSTS $ 


12. DOMINANT RISK/TSCH PROBLEM COST IMPACT PROBABILITY 


I COST RISK $ 

n (TOR-2) 7/75 


ftfiPRODUCfttUTY OF THE 
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(8) Modular Architecture for Data Processing and Transfer 
System 

To date, the approach to onboard data procesring and transfer 
systems has been central loc»ition of processor memory, I/O, and 
software. As requirements have grown, so has the complexity and 
size of the various system elements. The need for longer life 

systems has posed an additional problem since system elements are 

i 

i' already so complex, fault tolerance and correction cannot easily 

be accommodated. Most current approaches to this problem result in 
multiply redundant system elements; elements already large and com- 
plex. As requirements on the data processing system have increased, 
so has the software complexity. Since the software now resides in 
a single processor memory, this has given rise to problems in soft- 
ware interaction and difficulty with additions and changes when 

j 

they ate required. Sophisticated operating systems and programming 
languages have become necessary to cope with this burgeoning prob- 
1 lem. 

E 

* With the advent of the microprocessor and other LSI devices, 

I 

the opportunity now arises to consider the possibility of distribu- 
1 ting the functions of the data processing system among the user 

i 

I elements. For example, a processor unit could become a part of a 

f 

•: sensor subsystenv along with memory necessary to hold the control 

$ 

: software to operate the sensor, to store the data collected, and 

I to preprocess the data. Other processor/memory units could be 

I 

I integrated with T, T§C, Power, Propulsion, and G, N§C systems. 

I Another processor unit may function as a controller for the data 

I bus which wculd interconnect the network of processors and memories. 

I. Once the distributed element and function concept is accepted, many 

I 

I other possibilities emerge. New concepts in fault detection, toler- 

' ance, and correction become possible. Reliability and redundancy 

1 

f 

f 
f 



i 
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requirements can be approached differently. The total architecture 
of the data processing system becomes accessible and adaptable. 
Missions fly only what they require and as much as they require. 
Designers are not limited to some already designed system with its 
predetermined and frequently limited or restrictive capabilities. 

It is the intent of this effort to maximize the use of com- 
merically developed devices such as microprocessors, memories, and 
other LSI devices. The use of such commercial developments will 
yield significant cost and time savings. Unique LSI circuit de- 
velopments can be minimized. Support hardware and software compi- 
lers, cross-assemblers, and documentation are already available. 

In addition, there is a potentially large base of experienced de- 
signers, programmers and users. 

As with other electronic systems of this type, the space en- 
vironment does not offer any condition that will either cause a 
modular data processing system to behave differently or uncover any 
unknown weaknesses. Nonetheless, the extent to which this technology 
advancement will affect and modify existing techniques and systems 
may pose a significant question of unproven risk to the project 
manager. Therefore, a technology demonstration experiment, possibly 
in parallel with an existing technology, may serve to create confi- 
dence in the minds of potential users. 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


PAGE 1 


1. REF. NO. 


_ PREP DATE 8/8/75 
CATEGORY Systems 


REV DATE 



3. TECHNOLOGY ADVANCEMENT REQUIRED 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED 


REQUIRED 


The basic requirement Is that of 

developing a systems technology using 1 1 7 


commercially developed microprocessors and other LSI circuits in s. modular, 


distributed architecture concept. The teeanology will encompass the end-to- 


end on-board data processing function including hardware and software. 



4. SCHEDULE REQUIREMENTS I 
PAYLOAD DEVELOPMENT LEAD TIME 


FIRST PAYLOAD FLIGHT DATE 


.YEARS. TECHNOLOGY NEED DATE ^978 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS l) Adaptive system design. 2) Modular hardware. 3) Modular 
software. 4) Simplified softwaire development. 5) Available support hardware 
and software, b) Existing technical base of design and application knowledge ‘ 


POTENTIAL COST BENEFITS 1) Reduced design costs. 2) Less costly to make changes. 
3) Hardware costs cut significantly. 4) Software development costs down. 


ardware and software available at minimal cost. Er ^imated 


cost reduction of 10 ;1 per mission. ESTiMATFnr.nsTgAwiMfts* 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS The problem resolves itse J r o a straight forwarg design 
and development task. No risk producing prob^.nuj sure I', eseen. 



REQUIRED SUPPORTING TECHNOLOGIES Random and mars memories. 



REFERENCE DOCUMENTS/COMMENTS A Forecast of Space Tech. 3-80-01 


R'^OP 506-20-11 "Advanced Digital Data System For Deep Space" QAST/JPL 
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TITLE 


N0._ 

PAGE 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION 


TEST ARTICLE: 


TEST DESCRIPTION : 


ALT. (max/min) 


km, INCL. 


deg, TIME 


hr 


BENEFIT OF SPACE TEST: . 


EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 


kg, SIZE 


.STABILITY 


.data. 


POWER 


kvV 


CREW: NO. 


OPERATIONS/DURATION 


SPECIAL GROUND FACILITIES: 


existing: yes □ NO □ 


.TEST CONFIDErCE 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


.EXISTING: YES D NO □ 


GROUND TEST LIMITATIONS: 


TEST CONFIDENCE 


10. SCHEDULE 8i COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MF6 & C/0 

4. TEST & EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRANC 

>TOT 





11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ , 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST RISK S 


r ^ (TOR-21 vn 
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(9) Automation o£ Ground Support Functions 

Description 

The purpose of the proposed flight experiment is to demonstrate 
the successful automation of selected shuttle (and perhaps payload) 
ground support functions. The benefits ’/ould be a savings in cos^ 
for all subsequent shuttle flights for which the same functions were 
required. Since the system to be developed would constitute i dif- 
ferent method of conducting certain shuttle operations, a flight ex- 
periment in which the accepted and proposed implementations would be 
compared is considered essential. 

The apprc h is to ascertain those aspects of ground operations 
which require a low level of human skill and attention, but v/Mch 
presently demand human perceptual or cognitive capabilities, and use 
advanced software techniques to automate them or to consolidate them 
so that they could be brought under the control of a reduced number 
of human operators. 

Preparation for the experiment entailu the following steps: 

1. Conducting a study of proposed shuttle operational pro- 
cedures and staffing plans. This work should be done 
jointly by operations planners and by software exports 
familiar with the status of research in the following 
areas: 

a. human-machine communication in ratural language 

b. speech recognition and speech synthesis 

c. problem-solving and planning 

d. process-control systems 

e. pattern recognition and scene analysis 

f. computer-aided instruc^^ion 

g. data-base management 

2. Selecting a numbei oi aspects of flight control that 
lend themselves to automation or consolidation. 


t 


3. Adapting existing software capabilities to the flight 
requirements and to a flight-operations environment for 
the selected fiinctions, and providing a reliable and 
economical implementation. 

4. Testing the system during actual shuttle flights, but 
with it uncoupled from the shuttle system. 

5. Installing the system so that it can be placed in control 
during portions of an actual flight for piecewise com- 
parison with the accepted system. 
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FUTURE PAYLOAD TECHNOLOGY NO. _ 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 


1, 

REF. NO. 

.'>.A4 

PREP DATE 

' 8 / 9/75 

REV DATE 

LTR 




CATEGORY 

Software 





TECHNOLOGY ADVANCEMENT REQUIRED 

educe the level of human effort 


required in support of flight operations. 


Lowering of costs by a factor of two is a desired target. 


LEVEL OF STATE OF ART 


CURRENT 


1 


UNPERTURBED 


1 


REQUIRED 


2 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE .1982 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE ^979 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 1 or more 

TECHNICAL BENEFITS Increased efficiency and speed of response in selected 

ground support functions. 


POTENTIAL COST BENEFITS 50^ reduction in ground support costs. 



ESTIMATED COST SAVINGS $ Unknown 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS — iMnrling efflniqn t and economical software implementati 
In some cases, automation may require advances in the state of the art. 



I 7. REFERENCE DOCUMENTS/COMMENTS 

I RTOP 31U-^0-3^ Automatic Data Handling OTM-GSFC 
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TITLE Automation Of Ground Support Functions 


NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: Mission support procedures and costs 


TEST DESCRIPTION : ALT. (max/mtn) 


km, INCL. 


deg, TIME 


BENEFIT OF SPACE TEST: Demonstrate cost benefits of automated procedures 

EQUIPMENT: WEIGHT kg, SIZE X X m, POWER 


EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 


__ kg, SIZE 

.STABILITY 

CREW: NO. 


X X m.P0 

DATA 

OPERATIONS/OURATION 


SPECIAL GROUND FACILITIES: Selected data r.‘Qcessing equipment and nrogreuns 

existing: yes □ NO □ 

TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: Present mission support procedures and 

costs . 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


10. SCHEDULE & COST 

TASK 

I CY 

1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


.EXISTING: YES ^ NO Q 


TEST CONFIDENCE 


GROUND TEST OPTION 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 


n noR ;•) 7/75 
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(10) Radiation Tolerant Electronic Components and Subsystems 

There currently are a number o£ semiconductor technologies in 
existence, or under development, and numerous variations within 
each type. Each has certain characteristics which make it more or 
less suited to use in spacecraft subsystems. Some of these, such 
as speed, power, voltage level, density, difficulty in manufacture, 
cost, and reliability, are well known or can be determined through 
ground investigation and testing. One characteristic though has 
not received sufficient investigation and testing, namely, the semi- 
conductor's tolerance to high energy, long duration space radiation. 
Such conditions are found in the earth's Van Allen belts, at geo- 
sychronous altitudes, during interplanetary transit and in the Van 
Allen belts of other planets. 

It is possible to perform limited investigations of these 
phenomena in the laboratory using radiation sources and large par- 
ticle accelerators. High energy particles can be obtained for 
short periods of time and the results extrapolated for projected 
mission times up to 5 years, but actual testing of long term effects 
is not possible due to technical difficulties and high cost. 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


REV DATE 


1, 

ref.no. 

3A2 

PREP DATE _ 




CATEGORY J 


NO. 

PAGE 1 


LTR 



LEVEL OF STATE OF ART 


CURRENT 


UNPERTURBED 


REQUIRED 


3. TECHNOLOGY ADVANCEMENT REQUIRLO 

A determination and demonstration of the 
most suitable semiconductor technologies) 5 5 


for use In component development for spacecraft subsystems where the exposure 


environment Includes high energy radiation and particles over long periods 



SCHEDULE REQUIREMENTS 
PAYLOAD DEVELOPMENT LEAD TIME 


FIRST PAYLOAD FLIGHT DATE 
2 VEARS. TCr'UM 


YEARS. TECHNOLOGY NEED DATE 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Improved and assured performance of spacecraft and payloads 
where the mission involves exposure to the high energy radiation and particles 


over long periods of time. 


POTENTIAL COST BENEFITS Reduction in subsystem cost by a factor of 2-3 by the 
reduction of redundancy. Additional savings in power and weight will result 


in further cost reductions. 


^ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS The development of test support equipment either not 


to the radiation environment or whose effect can be measured and 


le alternative could be the use of a 


spacecraft to be recovered by shuttle after approximately 3 years. 


REQUIRED SUPPORTING TECHNOLOGIES 

_2 


Further development of the newer CMOS and 



















TITLE Radiation Tolerant Electronic Components And Subsystems NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION JES7 article: Processor modules , memorifes . inte rfaces f 

related and other discrete components In appropriate packaging cinnfi gnrati nns 


TEST DESCRIPTION : ALT. (max/minl / km, INCL. deg, TIME hr 

Test article should be placed in an orbit bo receive the maximum continuous 
dosage from the Van Allen beJts. Use of Shuttle- lUS is anticipated. 

BENEFIT OF SPACE TEST; Exposure of the tsst artirls-s t.n a prni ringed envi rnnm pnt. nf 


high energy radiation and 

particles . 




EQUIPMENT; WEIGHT 

kg, SIZE X 

X m, POWER 


kW 

POiNTING 

STABILITY 

DATA 



ORIENTATION 

CREW: NO. 

OPERATIONS/DURATION 

/ 


SPECIAL GROUND FACILITIES: 



existing; yes 

□ 

2 

O 

□ 



TEST CONFIDENCE _ 


9. GROUND TEST OPTION TEST ARTICLE: Same 


TEST DESCRIPTION/REQUIREMENTS: Test articles need to be placed in a facility 

where they can receive a high level, continuous dosage of high energy radiation 

and particles . 

SPECIAL GROUND FACILITIES: Laboratory containing radiation sources and large 

particle accelerators capable of operation over extended periods of time 

approaching years. EXISTING: YES D NO S 

GROUND TEST LIMITATIONS: 


TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUNO TEST OPTION 

TASK CY 







COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


COST RISK $ 


n (TDR-2) 7/75 
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(11) Demonstration of Space Power Transfer by Microwaves 

A synchronous satellite has been proposed which would gather and 
transfer to earth five gigawatts of solar power. The proposed trans- 
fer medium is S-Band microwaves. This would require high power (5 kw) , 
high efficiency (901) tubes, an antenna with greater than 90 db gain 
at 90% efficiency, and a phase control system capable of pointing the 
antenna to within 0.005 degrees. It has been estimated that the un- 
knowns in this microwave power transfer are as significant as those 
in the entire Apollo Program. Therefore, a series of experiments in 
space are required which will establish solutions to technology prob- 
lems at stages from component to system level . 

Specifically, tubes of a no-envelope, cold-cathode type are re- 
quired. Concerns are efficiency, cathode start-up, and long-term 
cathode contamination. The antenna probably will be a planar array 
of slotted wave guides. These cannot be carried to space intact, 
but must be segmented. Space assembly is a concern, as well as the 
ability to control flatness. The phase control system has the basic 
problem of maintaining a phase referciice across the entire array and 
driving the individual elements in the proper relative phases in 
order to form and direct a pencil -beam. 

The series of proposed experiments should demonstrate the in- 
dividual components, such as tubes, operating with Spacelab-Pallet, 
and lead up to a final test of an antenna system of about 125,000 
square feet. These experiments must be coupled with flights demon- 
strating the other aspects of the program such as solar cells and 
primary structure. An estimated total of fifty Shuttle flights will 
be required to completely fl ight -demonstrate the total concept. 
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FUTURE PAYLOAD TECHNOLOGY 

testing and development requirement 


NO. _JLJ 
PAGE 1 


1. 

ref.no. 

PREP DATE 

REV DATE 

LTR 



CATEGORY . 






LEVEIL OF STATE OF ART 


CURRENT UNPERTURBED 


REQUIRED 



TECHNOLOGY ADVANCEMENT REQUIRED 

Hiffh efficiency tube /high gain antenna 


integrated system capable of trans- 


ferring 5 Gw of power to earth via microwaves. Specificall; 


efficiency tubes will be Integrated with a phased array antenna with 90 


efficiency and gain in excess of 70 db to radiate microwave power to a ground 


•ectenna. This flight experiment will reguire precursor orbital tests to 


demonstrate the individual tubes, antenna elements, and phase control. A 


ber of Shuttle launches will be required to deliver components to orbit. 


and on-orbit assembly will be required. As many as 30 shuttle flights will 


be required throu 


SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 198l 

PAYLOAD DEVELOPMENT LEAD TIME 5 YEARS. TECHNOLOGY NEED DATE ^983 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Key element in development of space solar power as a new 
terrestrial energy soxirce. Provides critical information for a mid-80's 


national commitment to space power. 



POTENTIAL COST BENEFITS Multiple billions of dollars out of the estimated 50 
billion dollars required to provide the first operational power satellite in 


1 


.ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Attainment of acceptable efficiency tubes/antennas, 

rol, and reliabilit 





REQUIRED SUPPORTING TECHNOLOGIES 


ice processing and orbital assembly. 



REFERENCE DOCUMENTS/COMMENTS Outlook for Space, OMSP user input. 


















. .,i ■' • 


TITLE 


N0._ 

PAGE 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: Integrated ayatem consisting of 

l) Five KW, envelope tube; 2) Planar array antenna; 3) Phase Control 


TEST DESCRIPTION : ALT. (max/min) $00 / 2$0 km, INCL. 


32 ^ 


deg, TIME 


hr 


Demonstrate microwave power transmls.slon and reliability 


BENEFIT OF SPACE TEST: Essential to demonstration of open tubes and phase control 
in a flexible structure 


EQUIPMENT: 

POINTING 

ORIENTATION 


WEIGHT 


kg, SIZE 


STABILITY 


DATA 


m, POWEB 


kW 


CREW: NO. 


OPERATIONS/DURATION 


i. 


SPECIAL GROUND FACILITIES: Rectenna elements distributed properly in order to sample 
beam dxstnbution* EXISTING* YES n NO □ 

TEST CONFIDENCE .95 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


.EXISTING: YES □ NO □ 


GROUND TEST LIMITATIONS: Certain elements of the program, such as static phase 

control, could be demonstrated. However ^ open tubes and dynamic structure/ 


phase interaction could not. 


TEST CONFIDENCE 


30j 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 

74 

80 

81 

82 

83 

84 

COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 

--X 

X- 

— 

1 

— 

1 

>< X 

t 

1 

-X 









TECH NEED DATE 







** 

1 






GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ 


(SUM OP PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM 

O pen microwave tubes 


COST IMPACT 


PROBABILITY 


Hi^ eff iciency phased array antenna 

COST RISK $ 


FT nOR 7) 7/7S 
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VI. CONCLUSIONS AND RECOMMENDATIONS 

The product generated by the Data Processing and Transfer Study 
Group is the identification of technology requirements (Table IV-1) 
and flight experiments (Table V-1) which will meet the user community 
(OA: OMSF: OSS § OTDA) needs and those suggested in the report of 

the Outlook for Space study. 

The technologies and flight experiments in need of development 
fall into 12 groups: (lA) High Data Rate Processing; (IB) Informa- 

tion Extraction § Data Compression; (1C) Wideband Information Trans- 
fer; (ID) High Density, Low Cost Storage; (IE) Modular Architecture 
(IF) Manned Interaction; (IG) Communications; (2A) Software; (2B) 
Electronic § Modular Structure; (2C) End-to-End and (GST) General 
Supporting Technology. The needed technologies and flight experi- 
ments generally serve two major thrusts. 

(1) 1000:1 increase in end-to-end information handling 

(2) Life-cycle cost reduction of 10:1 

Extensive technology development is in progress as shown by 
Table VI-1. These efforts, and the technological advances advocated 
by this study group, affect a broad spectrum of candidate objectives 
for future space activities. These developments will not only demon- 
strate feasibility and economic viability of quite complex missions 
and systems but significantly reduce the cost of accomplishing many 
specific objectives in space. 
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